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1
COMPOSITIONS AND METHODS FOR THE
TREATMENT OR PREVENTION OF HUMAN
ADENOVIRUS-36 INFECTION

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a national stage application under 35
U.S.C. 371 of PCT Application No. PCT/US2011/65868,
having an international filing date of Dec. 19, 2011, which
designated the United States, which PCT application claims
the benefit of priority under 35 U.S.C. §119(e) from U.S.
Provisional Application No. 61/424,472, filed Dec. 17, 2010,
the entire disclosure of which is hereby incorporated by ref-
erence.

REFERENCE TO A SEQUENCE LISTING

This application contains a Sequence Listing submitted
electronically as a text file by EFS-Web. The text file, named
“3923-33-PCT_ST25” hasasizeinbytes of211 KB, and was
recorded on 16 Dec. 2011. The information contained in the
text file is incorporated herein by reference in its entirety
pursuant to 37 CFR §1.52(e)(5).

FIELD OF THE INVENTION

The present invention generally relates to immunothera-
peutic compositions and methods for the prevention and/or
treatment of human adenovirus-36 infection, as well as the
prevention and/or treatment of obesity and/or obesity-associ-
ated disorders or other sequela related to human adenovirus-
36 infection.

BACKGROUND OF THE INVENTION

The terms “obesity” and “overweight” or “pre-obese”
define ranges of weights that are greater than weights that are
generally considered to be healthy for a person of a given
height. According to a report in August 2010 by the Centers
for Disease Control (CDC), “no state met the Healthy people
2010 obesity target of 15%, and the self-reported prevalence
of obesity among U.S. adults had increased 1.1 percentage
points from 2007 (Sherry et al., Morbidity and Mortality
Weekly Report (MMWR), 59; 1-5; Aug. 3, 2010). In children
and teens, excess weight represents a very serious health
issue. The 2007-2008 National Health and Nutrition Exami-
nation Survey (NHANES) estimated that 17% of individuals
age 2-19 are obese (CDC). Indeed, the CDC and the WHO
have referred to an “obesity epidemic” in many populations
worldwide. Overweight and obese individuals have a higher
likelihood of developing a variety of health problems includ-
ing, but not limited to, cardiovascular diseases and associated
conditions (e.g., high blood pressure, high cholesterol), type
2 diabetes, respiratory disorders, cancer, reproductive disor-
ders, hepatic dysfunction, and osteoarthritis.

Several different factors can contribute to obesity or being
overweight, and the condition can be a complex health issue
for many individuals. Behavioral factors, environmental fac-
tors, genetics, illness, and/or infectious agents may play arole
in the condition. Lack of sufficient physical activity and
excess calorie intake in the diet, i.e., caloric imbalance, are the
most apparent and common causes of being overweight or
obese. However, there appear to be several genetic factors that
may predispose certain individuals to weight gain, including
mutations in genes related to control of feeding behavior, and
various genetic mutations or correlations of genotype with
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2

obesity in individuals and populations. In addition to these
factors, various illnesses and drugs can also impact an indi-
vidual’s weight. More recently, infectious agents have been
identified as contributing to some cases of obesity.

A few infectious agents have been associated with obesity
in non-human animals, and one in particular has been asso-
ciated with human obesity. Human adenovirus-36 (also
denoted Ad-36, Adv-36, or hAdv-36) was first described ina
child with diabetes in 1980 (Wigand et al., 1980, Arch. Viol.
64(3):225-233). Beginning in the early 1990’s, experiments
by Dhurandhar and colleagues first showed that Ad-36
increased adiposity in chickens and in mice ((Dhurandhar et
al., 1990, J. Bombay Vet. College 2:131-132; Dhurandhar et
al., 1992, Vet. Microbiol., 31:101-107; Dhurandhar et al.,
2000, Int J Obes Relat Metab Disord 24:989-996; Dhurandar
et al., 2001, Int. J. Obes. Relat. Metab. Disord. 25(7):990-
996), as well as in monkeys (Dhurandhar, et al., 2002, J. Nutr.
132(10):3155-3160). In mice and chickens, infection with
Ad-36 resulted in viremia, infection of adipose tissue,
increased visceral fat, total body fat, and/or body weight, and
reduced serum cholesterol and triglycerides. In monkeys,
Ad-36 promoted weight gain and lowered serum cholesterol.
Pasarica and colleagues have shown that human Ad-36
induces adiposity, increases insulin sensitivity, and alters
hypothalamic monoamines in rats (Pasarica etal., 2006, Obe-
sity 14(11):1905-1913).

In humans, Ad-36 has been shown to have a high probabil-
ity of being associated with obesity, where a unique pheno-
type of low serum cholesterol and triglyceride levels was
present in about 30% of obese humans subjects having anti-
Ad-36 antibodies, whereas only 5% of the non-obese humans
tested had antibodies to Ad-36 (Dhurandhar et al., 1997,
FASEB J, 3:A230; Atkinson et al., 1998, Int J Obes Relat
Metab Disord 22(Suppl): S57). An epidemiological study
showed that 30% of obese people were infected with Ad-36
compared to only 11% of lean people in the study (Atkinson
etal., 2005, Int J Obes (Lond), 29(3):281-286). These inves-
tigators showed that Ad-36 is associated with increased body
weight and the reduction of serum lipids in humans. Addi-
tional researchers have reported an association between
human Ad-36 and lipid disorders or obesity rates in children
and adolescents worldwide (Na et al., 2010, /nt. J. Obes.
34:89-93; Gabbert et al., 2010, Pediatrics 2010; 126:721-
726; and Atkinson et al., 2010, Int. J. Ped. Obes. 5:157-160).
Further work by Pasarica and Dhurandhar and colleagues
showed that Ad-36 induces commitment, differentiation, and
lipid accumulation in human adipose-derived stem cells
(Pasarica et al., 2008, Stem Cells 26:969-978). Moreover, in
vitro adipogenesis was shown to be accelerated by infection
of'preadipocytes with human Ad-36 (Vangipuram et al., 2004,
Obes. Res. 12(5):770-777), and infection was also shown to
increase insulin sensitivity and suppress the expression of
leptin mRNA (Vangipuram et al., 2007, Int. J. Obes. (Lond.)
31(1):87-96. The activity of the E4 orfl gene of Ad-36 has
been suggested to be responsible for this adipogenesis (Rog-
ersetal., 2008, International Journal of Obesity 32:397-406).

In2010, Arnold and colleagues reported the complete char-
acterization of the human Ad-36 genome (Arnold et al., 2010,
Virus Res. 149:152-161). Diagnostic assays have been
described for the identification of Ad-36 infection in human
tissues, via identification or use of anti-Ad-36 antibodies (see,
e.g., WO 98/44946, WO 2007/120362), and a diagnostic test
for Ad-36 is in commercial development (Scandivir AB).
However, a treatment for the viral infection, once identified, is
lacking; no preventative or therapeutic treatment that directly
targets Ad-36 infection is currently commercially available.
Accordingly, there remains a need in the art for an effective
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prophylactic and/or therapeutic treatment for adenovirus-36
infection, in order to reduce or eliminate Ad-36-associated
obesity and overweight conditions.

SUMMARY OF THE INVENTION

One embodiment of the invention relates to an immuno-
therapeutic composition comprising: (a) a yeast vehicle; and
(b) an adenovirus-36 (Ad-36) antigen comprising one or
more Ad-36 proteins and/or immunogenic domains of such
proteins. Inone aspect, the Ad-36 proteins include at least one
protein selected from, but is not limited to: hexon, fiber,
CR1a, and CR1y, and/or at least one immunogenic domain of
at least one of the proteins. In one aspect, the Ad-36 proteins
include at least one immunogenic domain of CR1a and at
least one immunogenic domain of CR1y.

In one aspect, the Ad-36 antigen comprises Ad-36
sequences, wherein the Ad-36 sequences consist of: positions
71-136 of Ad-36 of SEQ ID NO:34 or a corresponding
sequence from another Ad-36 strain; positions 145-169 of
SEQ ID NO:34 or a corresponding sequence from another
Ad-36 strain; positions 290-313 of SEQ ID NO:34 or a cor-
responding sequence from another Ad-36 strain; and posi-
tions 334-363 of Ad-36 SEQ ID NO:34 or a corresponding
sequence from another Ad-36 strain. For example, such an
Ad-36 antigen can include, but is not limited to, an amino acid
sequence selected from the group consisting of: SEQ ID
NO:42 or a corresponding sequence from another Ad-36
strain, SEQ ID NO:48 or a corresponding sequence from
another Ad-36 strain and SEQ ID NO:49 or a corresponding
sequence from another Ad-36 strain.

In one aspect, the Ad-36 antigen comprises Ad-36
sequences, wherein the Ad-36 sequences consist of: positions
136-218 of SEQID NO: 18 or a corresponding sequence from
another Ad-36 strain; positions 235-285 of SEQ ID NO:18 or
a corresponding sequence from another Ad-36 strain; posi-
tions 297-308 of SEQ ID NO: 18 or a corresponding sequence
from another Ad-36 strain; and positions 410-450 of SEQ ID
NO:18 or a corresponding sequence from another Ad-36
strain. For example, such an Ad-36 antigen can include, but is
not limited to, SEQ ID NO:43 or a corresponding sequence
from another Ad-36 strain, SEQ ID NO:50 or a corresponding
sequence from another Ad-36 strain and SEQ ID NO:51 ora
corresponding sequence from another Ad-36 strain.

In another aspect, the Ad-36 antigen comprises Ad-36
sequences, wherein the Ad-36 sequences consist of positions
2-944 of SEQ ID NO:18 or a corresponding sequence from
another Ad-36 strain. For example, such an Ad-36 antigen can
include, but is not limited to, SEQ ID NO:44 or a correspond-
ing sequence from another Ad-36 strain, SEQ ID NO:52 or a
corresponding sequence from another Ad-36 strain and SEQ
1D NO:53 or a corresponding sequence from another Ad-36
strain.

In yet another aspect, the Ad-36 antigen comprises Ad-36
sequences, wherein the Ad-36 sequences consist of: positions
71-136 of SEQ ID NO:34 or a corresponding sequence from
another Ad-36 strain; positions 145-169 of SEQ ID NO:34 or
a corresponding sequence from another Ad-36 strain; posi-
tions 290-313 of SEQ ID NO:34 or a corresponding sequence
from another Ad-36 strain; positions 334-363 of SEQ ID
NO:34 or a corresponding sequence from another Ad-36
strain; positions 136-218 of SEQ ID NO:18 or a correspond-
ing sequence from another Ad-36 strain; positions 235-285 of
SEQ ID NO:18 or a corresponding sequence from another
Ad-36 strain; positions 297-308 of SEQ ID NO:18 or a cor-
responding sequence from another Ad-36 strain; and posi-
tions 410-450 of SEQ ID NO: 18 or a corresponding sequence
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from another Ad-36 strain. For example, such an Ad-36 anti-
gen can include, but is not limited to, SEQ ID NO: 45 or a
corresponding sequence from another Ad-36 strain, and posi-
tions 7 to 418 of SEQ ID NO:45 or a corresponding sequence
from another Ad-36 strain.

In another aspect, the Ad-36 antigen comprises Ad-36
sequences, wherein the Ad-36 sequences consist of: positions
136-218 of SEQID NO:18 or a corresponding sequence from
another Ad-36 strain; positions 235-285 of SEQ ID NO:18 or
a corresponding sequence from another Ad-36 strain; posi-
tions 297-308 of SEQ ID NO: 18 or a corresponding sequence
from another Ad-36 strain; positions 410-450 of SEQ ID
NO:18 or a corresponding sequence from another Ad-36
strain; positions 71-136 of SEQ ID NO:34 or a corresponding
sequence from another Ad-36 strain; positions 145-169 of
SEQ ID NO:34 or a corresponding sequence from another
Ad-36 strain; positions 290-313 of SEQ ID NO:34 or a cor-
responding sequence from another Ad-36 strain; and posi-
tions 334-363 of SEQ ID NO:34 or a corresponding sequence
from another Ad-36 strain. For example, such an Ad-36 anti-
gen can include, but is not limited to, SEQ ID NO:46 or a
corresponding sequence from another Ad-36 strain, and posi-
tions 7 to 418 of SEQ ID NO:46 or a corresponding sequence
from another Ad-36 strain.

In another aspect, the Ad-36 antigen comprises Ad-36
sequences, wherein the Ad-36 sequences consist of: positions
18-60 of SEQ ID NO:26 or a corresponding sequence from
another Ad-36 strain; positions 123-157 SEQ ID NO:26 or a
corresponding sequence from another Ad-36 strain; positions
19-60 of SEQ ID NO:29 or a corresponding sequence from
another Ad-36 strain; and positions 83-116 of SEQ ID NO:29
or a corresponding sequence from another Ad-36 strain. For
example, such an Ad-36 antigen can include, but is not limited
to, SEQ ID NO:47 or a corresponding sequence from another
Ad-36 strain, SEQ ID NO:54 or a corresponding sequence
from another Ad-36 strain, and SEQ ID NO:55 or a corre-
sponding sequence from another Ad-36 strain.

In any of the aspects or embodiments of the invention
described above or elsewhere herein, in one aspect, the Ad-36
antigen is expressed by the yeast vehicle. In one aspect, the
yeast vehicle is a whole yeast. In one aspect, the yeast is
killed. In one aspect, the yeast is heat-inactivated. In one
aspect, the yeast vehicle is from a genus selected from: Sac-
charomyces, Candida, Cryptococcus, Hansenula, Kluyvero-
myces, Pichia, Rhodotorula, Schizosaccharomyces and Yar-
rowia. In one aspect, the yeast vehicle is from
Saccharomyces. In one aspect, the yeast vehicle is from Sac-
charomyces cerevisiae.

In any of the aspects or embodiments of the invention
described above or elsewhere herein, in one aspect, a compo-
sition of the invention is formulated in a pharmaceutically
acceptable excipient suitable for administration to an indi-
vidual.

Another embodiment of the invention relates to a fusion
protein comprising two or more Ad-36 proteins and/or immu-
nogenic domains of one or more Ad-36 proteins, wherein the
Ad-36 proteins include at least one protein selected from:
hexon, fiber, CR1a, and CR1y, and/or at least one immuno-
genic domain of at least one of the proteins. In one aspect, the
Ad-36 proteins include E4 or at least one immunogenic
domain thereof. In one aspect, the Ad-36 proteins include at
least one immunogenic domain of CR1a and at least one
immunogenic domain of CR1y. In one aspect, the fusion
protein comprises: (a) Ad-36 sequences consisting of: posi-
tions 71-136 of Ad-36 of SEQ ID NO:34 or a corresponding
sequence from another Ad-36 strain; positions 145-169 of
SEQ ID NO:34 or a corresponding sequence from another
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Ad-36 strain; positions 290-313 of SEQ ID NO:34 or a cor-
responding sequence from another Ad-36 strain; and posi-
tions 334-363 of Ad-36 SEQ ID NO:34 or a corresponding
sequence from another Ad-36 strain; (b) Ad-36 sequences
consisting of: positions 136-218 of SEQ ID NO:18 or a cor-
responding sequence from another Ad-36 strain; positions
235-285 of SEQID NO:18 or a corresponding sequence from
another Ad-36 strain; positions 297-308 of SEQ ID NO:18 or
a corresponding sequence from another Ad-36 strain; and
positions 410-450 of SEQ ID NO:18 or a corresponding
sequence from another Ad-36 strain; (c) Ad-36 sequences
consisting of: positions 2-944 of SEQ ID NO:18 or a corre-
sponding sequence from another Ad-36 strain; (d) Ad-36
sequences consisting of: positions 71-136 of SEQ ID NO:34
or a corresponding sequence from another Ad-36 strain; posi-
tions 145-169 of SEQ ID NO:34 or a corresponding sequence
from another Ad-36 strain; positions 290-313 of SEQ ID
NO:34 or a corresponding sequence from another Ad-36
strain; positions 334-363 of SEQ ID NO:34 or a correspond-
ing sequence from another Ad-36 strain; positions 136-218 of
SEQ ID NO:18 or a corresponding sequence from another
Ad-36 strain; positions 235-285 of SEQ ID NO:18 or a cor-
responding sequence from another Ad-36 strain; positions
297-308 of SEQID NO: 18 or a corresponding sequence from
another Ad-36 strain; and positions 410-450 of SEQ ID
NO:18 or a corresponding sequence from another Ad-36
strain; (e) Ad-36 sequences consisting of: positions 136-218
of SEQ ID NO:18 or a corresponding sequence from another
Ad-36 strain; positions 235-285 of SEQ ID NO:18 or a cor-
responding sequence from another Ad-36 strain; positions
297-308 of SEQID NO: 18 or a corresponding sequence from
another Ad-36 strain; positions 410-450 of SEQ ID NO:18 or
a corresponding sequence from another Ad-36 strain; posi-
tions 71-136 of SEQ ID NO:34 or a corresponding sequence
from another Ad-36 strain; positions 145-169 of SEQ ID
NO:34 or a corresponding sequence from another Ad-36
strain; positions 290-313 of SEQ ID NO:34 or a correspond-
ing sequence from another Ad-36 strain; and positions 334-
363 of SEQ ID NO:34 or a corresponding sequence from
another Ad-36 strain; or (f) Ad-36 sequences consisting of:
positions 18-60 of SEQ ID NO:26 or a corresponding
sequence from another Ad-36 strain; positions 123-157 SEQ
1D NO:26 or a corresponding sequence from another Ad-36
strain; positions 19-60 of SEQ ID NO:29 or a corresponding
sequence from another Ad-36 strain; and positions 83-116 of
SEQ ID NO:29 or a corresponding sequence from another
Ad-36 strain. In one aspect, the fusion protein is selected from
the group of: SEQ ID NO:42, SEQ ID NO:43, SEQ ID
NO:44, SEQ ID NO:45, SEQ ID NO:46, SEQ ID NO:47,
SEQ ID NO:48, SEQ 1D NO:49, SEQ ID NO:50, SEQ 1D
NO:51, SEQIDNO:52, SEQ IDNO:53, SEQ ID NO:54, and
SEQ ID NO:55.

Yet another embodiment of the invention relates to a
recombinant nucleic acid molecule encoding any of the
fusion proteins described above or elsewhere herein.

Another embodiment of the invention relates to an isolated
cell transfected with the recombinant nucleic acid molecule
above. In one aspect, the cell is a yeast cell.

Further embodiments of the invention relate to a composi-
tion comprising any of the fusion proteins, recombinant
nucleic acid molecules, or isolated cells, described above or
elsewhere herein. In any of these embodiments, in one aspect,
the composition further comprises at least one biological
response modifier.

Another embodiment of the invention relates to a method
to treat adenovirus-36 (Ad-36) infection in a subject. The
method includes the step of administering to a subject that has
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been infected with Ad-36 any of the compositions described
above or elsewhere herein, wherein administration of the
composition to the subject reduces Ad-36 infection in the
subject. In one aspect, administration of the composition to
the subject reduces Ad-36 viral load in the subject.

Yet another embodiment of the invention relates to a
method to treat adenovirus-36 (Ad-36) infection in a subject.
The method includes the step of administering to a subject
that has been infected with Ad-36 any of the compositions
described above or elsewhere herein, wherein administration
of the composition to the subject reduces the rate of weight
gain in the subject.

Another embodiment of the invention relates to a method
to treat adenovirus-36 (Ad-36)-associated obesity or excess
weight in a subject. The method includes the step of admin-
istering to a subject that has been infected with Ad-36 and has
a body mass index (BMI) of at least 25, any of the composi-
tions described above or elsewhere herein, wherein adminis-
tration of the composition to the subject reduces the BMI in
the subject.

Yet another embodiment of the invention relates to a
method to treat adenovirus-36 (Ad-36)-associated obesity or
excess weight in a subject. The method includes the step of
administering to a subject that has been infected with Ad-36
and has a body mass index (BMI) of less than 25, any of the
compositions described above or elsewhere herein, wherein
administration of the composition to the subject reduces the
BMI in the subject or reduces the rate of weight gain in the
subject.

Another embodiment of the invention relates to a method
to elicit an antigen-specific, T cell-mediated immune
response against an Ad-36 antigen. The method includes the
step of administering to a subject any of the compositions
described above or elsewhere herein.

Yet another embodiment of the invention relates to a
method to prevent Ad-36 infection in a subject or to reduce the
rate of weight gain in a subject. The method includes the step
of administering to a subject that has not been infected with
Ad-36 any of the compositions described above or elsewhere
herein. In one aspect, the subject has a BMI of less than 25. In
one aspect, the subject has a BMI of 25 or greater. In one
aspect, the subject is between age 2 and age 19. In one aspect,
the subject is an adult.

Another embodiment of the invention relates to a method
to immunize a population of individuals against Ad-36 infec-
tion, comprising administering to the population of individu-
als any of the compositions described above or elsewhere
herein. In one aspect, the individuals are adults. In one aspect,
the individuals are age 2 to 19. In one aspect, the individuals
have a BMI of 25 or greater. In one aspect, the individuals
have a BMI of less than 25.

Another embodiment of the invention relates to any of the
compositions described above or elsewhere herein for use to
treat Ad-36 infection.

Yet another embodiment of the invention relates to any of
the compositions described above or elsewhere herein for use
to prevent Ad-36 infection.

Another embodiment of the invention relates to any of the
compositions described above or elsewhere herein for use to
reduce the rate of weight gain in an individual infected with
Ad-36.

Another embodiment of the invention relates to any of the
compositions described above or elsewhere herein for use to
elicit an Ad-36 immune response in an individual.
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Yet another embodiment of the invention relates to the use
of any of the compositions described above or elsewhere
herein in the preparation of a medicament to treat Ad-36
infection.

Another embodiment of the invention relates to the use of
any of the compositions described above or elsewhere herein
in the preparation of a medicament to prevent Ad-36 infec-
tion.

Another embodiment of the invention relates to the use of
any of the compositions described above or elsewhere herein
in the preparation of a medicament for reducing the rate of
weight gain in an individual infected with Ad-36.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a digitized image of a western blot showing
expression of: (1) a yeast-based immunotherapy composition
expressing an Ad-36 fusion protein comprising fiber (FIB)
(SEQ ID NO:42) under the control of a TEF2 promoter; (2) a
yeast-based immunotherapy composition expressing an
Ad-36 fusion protein comprising hexon (HEX) (SEQ ID
NO:43) under the control of a TEF2 promoter; and (3) a
yeast-based immunotherapy composition expressing an
Ad-36 fusion protein comprising CR1a and CR1y (CRAG)
(SEQ ID NO:47) under the control of a TEF2 promoter.

FIG. 2 is a digitized image of a western blot showing
expression of: (1) a yeast-based immunotherapy composition
expressing an Ad-36 fusion protein comprising fiber (Ad-
aFL-FIB) (SEQ ID NO:48) under the control of a Cupl pro-
moter; (2) a yeast-based immunotherapy composition
expressing an Ad-36 fusion protein comprising hexon (Ad-
aFL-HEX) (SEQ ID NO:50) under the control of a Cupl
promoter; (3) a yeast-based immunotherapy composition
expressing an Ad-36 fusion protein comprising CR1c and
CR1y (Ad-aFL-CRAG) (SEQ ID NO:54) under the control of
a Cupl promoter; and (4) a yeast-based immunotherapy com-
position expressing an Ad-36 fusion protein comprising full
length hexon (Ad-aFL-Hexon-Full) (SEQ ID NO:52) under
the control of a TEF2 promoter.

FIG. 3 is a bar graph showing the expression of genes
encoding Ad-36 E1A, Ad-36 E4dorfl, and Ad-36 hexon in rat
adipose-derived stem cells (ADS) 15 hours after Ad-36 infec-
tion in vitro.

FIG. 4 is a bar graph showing the expression of genes
encoding Ad-36 E1A, Ad-36 Edorfl and Ad-36 hexon in
AS549 cells (natural host cell for human adenoviruses) 15
hours after Ad-36 infection in vitro.

FIG. 5 is a graph showing the mock control for the early
virus particles (V.P.) kinetics study.

FIG. 6 is a graph showing early virus particles (V.P.) kinet-
ics after 107 PFU Ad-36 challenge.

FIG. 7 is a graph showing early virus particles (V.P.) kinet-
ics after 10® PFU Ad-36 challenge.

FIG. 8 is a graph showing early virus particles (V.P.) kinet-
ics after 10° PFU Ad-36 challenge.

FIG. 9 is a digitized image of nested PCR detecting Ad-36
DNA in visceral adipose tissue from rats two weeks after
infection with various doses of the virus in vivo.

FIG. 10 is a scatter graph showing body weight gain 18
weeks after Ad-36 infection in rats which were injected with
PBS (PBS), control yeast (YVEC), a yeast-based immuno-
therapy composition expressing a fusion protein comprising
Ad-36 CR1c.and Ad-36 CR1y (aFL-Crag), and a yeast-based
immunotherapy composition expressing a fusion protein
comprising Ad-36 hexon (aFL-Hex).

FIG. 11 is a line graph plotting the time course of median
body weight gain over baseline in Ad-36 infected rats which
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8
were injected with PBS (PBS), control yeast (YVEC), a
yeast-based immunotherapy composition expressing a fusion
protein comprising Ad-36 CR1la and Ad-36 CR1y (aFL-
Crag), and a yeast-based immunotherapy composition
expressing a fusion protein comprising Ad-36 hexon (aFL-
Hex).

FIG. 12 is a bar graph comparing the median body weight
gain at week 4 and week 12 after Ad-36 infection in rats which
were injected with PBS (PBS, white bars), control yeast
(YVEC, gray bars), a yeast-based immunotherapy composi-
tion expressing a fusion protein comprising Ad-36 CR1c and
Ad-36 CR1y (aFL-CRAG, black bars), and a yeast-based
immunotherapy composition expressing a fusion protein
comprising Ad-36 hexon (aFL-HEX, checkered bars).

FIG. 13 is a line graph showing the Ad-36 viral kinetics in
the blood for rats that were infected with Ad-36 and injected
with PBS (PBS), control yeast (YVEC), a yeast-based immu-
notherapy composition expressing a fusion protein compris-
ing Ad-36 CR1a and Ad-36 CR1y (aFL-Crag), and a yeast-
based immunotherapy composition expressing a fusion
protein comprising Ad-36 hexon (aFL-Hex).

FIG. 14 is a bar graph comparing the total diet consumption
(by weight) over 12 weeks of non-Ad-36-infected rats
injected with a yeast-based immunotherapeutic expressing an
Ad-36 fiber protein and rats which were mock-injected (no
immunotherapeutic).

FIG. 15 is a line graph comparing the weight gain over 12
weeks of non-Ad-36-infected rats injected with a yeast-based
immunotherapeutic expressing an Ad-36 fiber protein and
rats which were mock-injected (no immunotherapeutic).

FIG. 16 is a digitized image of PCR showing Ad-36 DNA
in organs and tissues of a rat 15 weeks after intraperitoneal
inoculation with the Ad-36 virus.

DETAILED DESCRIPTION OF THE INVENTION

This invention generally relates to immunotherapeutic
compositions and methods for the prevention and/or treat-
ment of adenovirus-36 (Ad-36) infection, as well as the pre-
vention and/or treatment of obesity, obesity-associated disor-
ders related to adenovirus-36 infection, and adipose tissue
hypertrophy related to Ad-36 infection. The invention
includes a yeast-based immunotherapeutic composition (also
referred to as yeast-based immunotherapy) comprising a
yeast vehicle and Ad-36 antigen(s) that have been designed to
elicit a prophylactic and/or therapeutic immune response
against Ad-36 infection in a subject. The invention includes
the use of such compositions to prevent and/or treat Ad-36
infection. The invention also includes the recombinant
nucleic acid molecules used in the yeast-based compositions
of the invention, as well as the proteins encoded thereby, for
use in any immunotherapeutic composition and/or therapeu-
tic protocol for Ad-36 infection.

The yeast-based, Ad-36-specific immunotherapeutic com-
positions of the invention induce innate immune responses, as
well as adaptive immune responses that specifically target
Ad-36, including CD4-dependent TH17 and TH1 T cell
responses and antigen-specific CD8"* T cell responses, which
include cytotoxic T lymphocyte (CTL) responses. In addi-
tion, yeast-based, Ad-36-specific immunotherapeutic com-
positions of the invention modulate regulatory T cell (Treg)
numbers and/or functionality. The breadth of the immune
response elicited by Ad-36-specific yeast-based immuno-
therapy can be modulated toward the desired type of immune
response (e.g., TH1 versus TH17 versus Treg), and is well-
suited to target Ad-36. In contrast to vaccines that immunize
by generating neutralizing antibody responses, yeast-based
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immunotherapeutic compositions targeting Ad-36 elicit anti-
gen-specific, broad-based, and potent cellular immune
responses, including CD4+ T cell responses that are believed
to be particularly effective in providing immunity against
adenoviruses, since early adenovirus infection may inhibit
MHC class I expression. The ability of yeast-based immuno-
therapy to enhance TH17 T cell responses is also believed to
be useful, since IL-17 blocks differentiation of precursor fat
cells into bonafide adipocytes and also promotes lipolysis
(Shin et al., 2009).

Yeast-based immunotherapy is also highly adept at activat-
ing antigen presenting cells, and has a unique ability to cross-
prime the immune response, generating CD8+ CTL
responses that are typically effective against viral infections,
even in the face of what may otherwise be a suppressive
environment. Yeast-based immunotherapy can be designed to
target regions of Ad-36 that are specific to this virus, or to
target regions that are conserved among many adenovirus
serotypes and/or to target a mixture of these regions, making
the vaccine highly adaptable to the needs of the infected
individual, and to target both protective and therapeutic
immunity. Since this type of immunotherapy utilizes the natu-
ral ability of the antigen presenting cell to present relevant
immunogens, it is not necessary to know the precise identity
of CTL epitopes or MHC Class II epitopes to produce an
effective immunotherapeutic and indeed, multiple CD4 and
CDS8 T cell epitopes can be targeted in a single composition.
Therefore, yeast-based Ad-36 immunotherapy, by activating
both the innate and the adaptive immune response, is
expected to effectively target Ad-36-infected cells for non-
cytopathic clearance, destruction, or both. In addition to
being effective in treating excess weight or controlling the
rate of weight gain, as well as in treating conditions related to
excess weight or weight gain that are associated with Ad-36
infection, the yeast-based immunotherapeutic compositions
of the invention are expected to be effective in cases where
adipose tissue displays abnormal growth or hypertrophy that
is associated with the presence of Ad-36, such as occurs in
patients infected with HIV. Indeed, prior to development of
full-blown AIDS, HIV-infected patients and patients experi-
encing Ad-36-associated abnormal adiposity that may
develop in the context of reduced or impaired normal immune
function, administration of the yeast-based immunotherapy
described herein may be effective to treat such patients by
providing a broad-based immune response sufficient to
reduce Ad-36 viral load and thereby resolve the abnormal
adipose tissue hypertrophy. Yeast-based immunotherapy acti-
vates multiple pathways of the immune system, and is
expected to be effective where other therapeutic approaches,
including other immunotherapeutic approaches, lack effi-
cacy.

The compositions, methods and uses of the invention are
directed to the prevention and/or treatment of Ad-36 infec-
tion, which may reduce or prevent one or more symptoms or
conditions associated with Ad-36 infection, including but not
limited to, obesity, being overweight, undesirable or abnor-
mal weight gain, and/or abnormal adipose tissue hypertrophy.
By addressing these conditions, downstream sequela of obe-
sity and being clinically overweight, or conditions associated
with obesity, excess weight, undesirable or abnormal weight
gain, or abnormal adipose tissue hypertrophy, may also be
reduced. Such conditions include, but are not limited to, high
serum cholesterol, high triglycerides, high blood pressure,
respiratory conditions, insulin resistance, and type II diabe-
tes.
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Compositions of the Invention

One embodiment ofthe present invention relates to a yeast-
based immunotherapy composition which can be used to
prevent and/or treat Ad-36 infection or to alleviate at least one
symptom resulting from the Ad-36 infection, including but
not limited to, obesity, being overweight, undesired or abnor-
mal weight gain, or the propensity therefore. The composition
comprises: (a) a yeast vehicle; and (b) one or more Ad-36
protein(s) and/or immunogenic domain(s) thereof (collec-
tively, “Ad-36 antigens”). In conjunction with the yeast
vehicle, the Ad-36 proteins are most typically expressed as
recombinant proteins by the yeast vehicle (e.g., by an intact
yeast or yeast spheroplast, which can optionally be further
processed to ayeast cytoplast, yeast ghost, or yeast membrane
extract or fraction thereof), although it is an embodiment of
the invention that one or much such Ad-36 proteins are loaded
into a yeast vehicle or otherwise complexed with, attached to,
mixed with or administered with a yeast vehicle as described
herein to form a composition of the present invention.
According to the present invention, reference to a “heterolo-
gous” protein or “heterologous™ antigen, including a heter-
ologous fusion protein, in connection with a yeast vehicle of
the invention, means that the protein or antigen is not a protein
or antigen that is naturally expressed by the yeast, although a
fusion protein may include yeast sequences or proteins or
portions thereof that are also naturally expressed by yeast.
Ad-36 proteins are heterologous with respect to yeast. Target
antigens useful in the present invention are typically Ad-36
proteins and/or immunogenic domains thereof.

Another embodiment of the invention relates to novel
Ad-36 fusion proteins described herein. In one aspect, such
Ad-36 fusion proteins are useful in an immunotherapeutic
composition of the invention, including a yeast-based immu-
notherapeutic composition of the invention. Such fusion pro-
teins, and/or the recombinant nucleic acid molecules encod-
ing such proteins, can also be used in, in combination with, or
to produce, a non-yeast-based immunotherapeutic composi-
tion, which may include, without limitation, a DNA vaccine,
a protein subunit vaccine, a recombinant viral-based immu-
notherapeutic composition, and a killed or inactivated patho-
gen vaccine. In another embodiment, such fusion proteins can
be used in a diagnostic assay for Ad-36 and/or to generate
antibodies against Ad-36. Described herein are exemplary
Ad-36 fusion proteins providing selected portions of Ad-36
which are particularly useful in yeast-based immunothera-
peutic compositions of the invention.

Adenovirus-36

Adenovirus-36 (also referred to herein as Ad-36, Adv-36,
hAdv-36, or HAdV-D36, or adenovirus serotype 36, all of
which may be used interchangeably) is one of 52 currently
known serotypes of adenoviruses that infect humans, from
the Family Adenoviridae, Genus Mastadenovirus, Species
Human Adenovirus D (HAdV-D). The virus was first identi-
fied in a child with diabetes and enteritis (Wigand et al., 1980,
supra) and was deposited with the ATCC as ATCC® Number
VR-1610"7 by Wigand. In 2010, Arnold and colleagues
sequenced the complete Ad-36 genome (Arnold et al., 2010,
supra), which is deposited under GenBank® Accession No.
(GQ384080.1 (G1:261875889). The nucleotide sequence of
this representative adenovirus-36 genomic sequence is rep-
resented herein by SEQ ID NO:1.

Ad-36 is a double-stranded DNA virus with a 35,152 bp
genome, organized into 39 predicted open reading frames
(ORFs). The coding sequences that are most divergent from
other adenoviruses are found in the hexon, CR1p, CR1y, and
fiber coding regions. Table 1 indicates the individual protein
sequences encoded by the Ad-36 genome (SEQ ID NO:1). It
is noted that small variations may occur in the amino acid
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sequence between different viral isolates of the same protein
from Ad-36. However, using the guidance provided herein
and the reference to the exemplary Ad-36 sequences, one of
skill in the art will readily be able to produce a variety of
Ad-36-based proteins, including fusion proteins, from any
Ad-36 strain (isolate) or genotype, for use in the compositions
and methods of the present invention, and as such, the inven-
tion is not limited to the specific sequences disclosed herein.
Reference to an Ad-36 protein or antigen anywhere in this
disclosure, or to any functional, structural, or immunogenic
domain thereof, can accordingly be made by reference to a
particular sequence from one or more of the sequences pre-
sented in this disclosure, or by reference to the same, similar
or corresponding sequence from a different Ad-36 isolate
(strain). One of skill in the art will readily be able to identity
the position of the corresponding sequence for each protein in
Table 1 ina given Ad-36 sequence of any Ad-36 strain/isolate,
given the guidance provided below, even though some amino
acids may differ from those sequences in Table 1.

TABLE 1

Adenovirus-36 Protein Sequences

Protein Name Sequence Identifier
E1A 28K SEQ ID NO: 2
E1A 21K SEQID NO: 3
E1B 19K SEQ ID NO: 4
E1B 55K SEQIDNO: 5
pIX SEQID NO: 6
Va2 SEQ ID NO: 7
Pol protein SEQID NO: 8
13.6K SEQID NO: 9
pTP SEQ ID NO: 10
52K SEQIDNO: 11
pllla SEQID NO: 12
Juss SEQ ID NO: 13
pVII SEQ ID NO: 14
v SEQ ID NO: 15
pX SEQ ID NO: 16
pVI SEQ ID NO: 17
Hexon SEQID NO: 18
Protease SEQID NO: 19
DBP SEQ ID NO: 20
100K SEQID NO: 21
33K SEQ ID NO: 22
22K SEQ ID NO: 23
pVIII SEQ ID NO: 24
E3 125K SEQ ID NO: 25
E3 CRla SEQ ID NO: 26
E3 184K SEQ ID NO: 27
E3 50K (CR1B) SEQ ID NO: 28
E3B1-2 30.8K (CR1y) SEQ ID NO: 29
E3B2-2 10K (RIDa) SEQ ID NO: 30
E3B2-2 14.6K (RIDp) SEQ ID NO: 31
E3B 14.7K SEQ ID NO: 32
U protein SEQ ID NO: 33
Fiber SEQ ID NO: 34
E4 ORF 6/7 SEQ ID NO: 35
E4 34K SEQ ID NO: 36
E4 17K SEQ ID NO: 37
E4 ORF4 SEQ ID NO: 38
E4 ORF3 SEQ ID NO: 39
E4 ORF2 SEQ ID NO: 40
E4 ORF1 SEQ ID NO: 41

Adenovirus-36 Target Antigens and Constructs.

One embodiment of the invention relates to novel Ad-36
proteins and fusion proteins which can be used as target
antigens in an immunotherapeutic composition of the inven-
tion, and recombinant nucleic acid molecules encoding these
proteins or antigens. Described herein are several different
novel Ad-36 proteins and fusion proteins for use as target
antigens in a yeast-based immunotherapeutic composition or

20

25

30

35

40

45

50

55

60

65

12

other composition (e.g., other immunotherapeutic or diag-
nostic composition) that provide one, two, or multiple (three,
four, five, six, seven, eight, nine, ten, or more) proteins and/or
one, two or multiple immunogenic domains from one or more
proteins, all contained within the same polypeptide and
encoded by the same recombinant nucleic acid construct. The
proteins used in the compositions of the invention include at
least one Ad-36 antigen for immunizing an animal (prophy-
lactically or therapeutically). The composition can include,
one, two, a few, several or a plurality of Ad-36 antigens,
including one or more immunogenic domains of one or more
Ad-36 proteins, as desired.

According to the present invention, the general use herein
of'the term “antigen” refers: to any portion of a protein (pep-
tide, partial protein, full-length protein), wherein the protein
is naturally occurring or synthetically derived, to a cellular
composition (whole cell, cell lysate or disrupted cells), to an
organism (whole organism, lysate or disrupted cells) or to a
carbohydrate, or other molecule, or a portion thereof. An
antigen may elicit an antigen-specific immune response (e.g.,
a humoral and/or a cell-mediated immune response) against
the same or similar antigens that are encountered by an ele-
ment of the immune system (e.g., T cells, antibodies).

An antigen can be as small as a single epitope, or larger, and
can include multiple epitopes. As such, the size of an antigen
can be as small as about 5-12 amino acids (i.e., a peptide) and
as large as: a full length protein, a multimer, a fusion protein,
a chimeric protein, a whole cell, a whole microorganism, or
any portions thereof (e.g., lysates of whole cells or extracts of
microorganisms. In addition, antigens can include carbohy-
drates, which can be loaded into a yeast vehicle or into a
composition of the invention. It will be appreciated that in
some embodiments (i.e., when the antigen is expressed by the
yeast vehicle from a recombinant nucleic acid molecule), the
antigen is a protein, fusion protein, chimeric protein, or frag-
ment thereof, rather than an entire cell or microorganism.

When the antigen is to be expressed in yeast, an antigen is
of'a minimum size capable of being expressed recombinantly
in yeast, and is typically atleast or greater than 25 amino acids
in length, or at least or greater than 26, at least or greater than
27, at least or greater than 28, at least or greater than 29, at
least or greater than 30, at least or greater than 31, at least or
greater than 32, at least or greater than 33, at least or greater
than 34, at least or greater than 35, at least or greater than 36,
at least or greater than 37, at least or greater than 38, at least
or greater than 39, at least or greater than 40, at least or greater
than 41, at least or greater than 42, at least or greater than 43,
at least or greater than 44, at least or greater than 45, at least
or greater than 46, at least or greater than 47, at least or greater
than 48, at least or greater than 49, or at least or greater than
50 amino acids in length, or is at least 25-50 amino acids in
length, at least 30-50 amino acids in length, or at least 35-50
amino acids in length, or at least 40-50 amino acids in length,
or at least 45-50 amino acids in length. Smaller proteins may
be expressed, and considerably larger proteins (e.g., hundreds
of'amino acids in length or even a few thousand amino acids
in length) may be expressed. In one aspect, a full-length
protein or a structural or functional domain thereof or an
immunogenic domain thereof that is lacking one or more
amino acids from the N- and/or the C-terminus may be
expressed (e.g., lacking between about 1 and about 20 amino
acids from the N- and/or the C-terminus). Fusion proteins and
chimeric proteins are also antigens that may be expressed in
the invention. A “target antigen” is an antigen that is specifi-
cally targeted by an immunotherapeutic composition of the
invention (i.e., an antigen against which elicitation of an
immune response is desired). An “Ad-36 antigen” is an anti-
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gen derived, designed, or produced from one or more Ad-36
proteins such that targeting the antigen also targets Adenovi-
rus-36.

When referring to stimulation of an immune response, the
term “immunogen” is a subset of the term “antigen”, and
therefore, in some instances, can be used interchangeably
with the term “antigen”. An immunogen, as used herein,
describes an antigen which elicits a humoral and/or cell-
mediated immune response (i.e., is immunogenic), such that
administration of the immunogen to an individual mounts an
antigen-specific immune response against the same or similar
antigens that are encountered by the immune system of the
individual. In one embodiment, the immunogen elicits a cell-
mediated immune response, including a CD4* T cell response
(TH1 and/or TH17) and/or a CD8"* T cell response (e.g., a
CTL response).

An “immunogenic domain” of a given antigen can be any
portion, fragment or epitope of an antigen (e.g., a peptide
fragment or subunit or an antibody epitope or other confor-
mational epitope) that contains at least one epitope that can
act as an immunogen when administered to an animal. There-
fore, an immunogenic domain is larger than a single amino
acid and is at least of a size sufficient to contain at least one
epitope. For example, a single protein can contain multiple
different immunogenic domains. Immunogenic domains
need not be linear sequences within a protein, such as in the
case of a humoral immune response, where conformational
domains are contemplated.

An epitope is defined herein as a single immunogenic site
within a given antigen that is sufficient to elicit an immune
response when provided to the immune system in the context
of appropriate costimulatory signals and/or activated cells of
the immune system. In other words, an epitope is the part of
an antigen that is recognized by components of the immune
system, and may also be referred to as an antigenic determi-
nant. Those of skill in the art will recognize that T cell
epitopes are different in size and composition from B cell or
antibody epitopes, and that epitopes presented through the
Class I MHC pathway differ in size and structural attributes
from epitopes presented through the Class II MHC pathway.
For example, T cell epitopes presented by Class 1 MHC
molecules are typically between 8 and 11 amino acids in
length, whereas epitopes presented by Class II MHC mol-
ecules are less restricted in length and may be up to 25 amino
acids or longer. In addition, T cell epitopes have predicted
structural characteristics depending on the specific MHC
molecules bound by the epitope. Epitopes can be linear
sequence epitopes or conformational epitopes (conserved
binding regions). Most antibodies recognize conformational
epitopes.

A “functional domain” of a given protein is a portion or
functional unit of the protein that includes sequence or struc-
ture that is directly or indirectly responsible for at least one
biological or chemical function associated with, ascribed to,
or performed by the protein. For example, a functional
domain can include an active site for enzymatic activity, a
ligand binding site, a receptor binding site, a binding site for
amolecule or moiety such as calcium, a phosphorylation site,
or a transactivation domain.

A “structural domain” of a given protein is a portion of the
protein or an element in the protein’s overall structure that has
an identifiable structure (e.g., it may be a primary or tertiary
structure belonging to and indicative of several proteins
within a class or family of proteins), is self-stabilizing and/or
may fold independently of the rest of the protein. A structural
domain is frequently associated with or features prominently
in the biological function of the protein to which it belongs.
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In some embodiments, an Ad-36 antigen useful in the
present invention is a fusion protein. In one aspect of the
invention, such a fusion protein can include two or more
antigens. In one aspect, the fusion protein can include two or
more immunogenic domains and/or two or more epitopes of
one or more Ad-36 proteins. An immunotherapeutic compo-
sition containing such antigens may provide antigen-specific
immunization in a broad range of patients. For example, a
protein or fusion protein encompassed by the invention can
include at least a portion or the full-length of any one or more
Ad-36 proteins represented in Table 1 (amino acid sequences
represented by SEQ ID NOs:2 through 41) and/or any one or
more immunogenic domains of any one or more of these
Ad-36 proteins, provided in any combination. In one embodi-
ment, a protein useful in the present invention comprises one
or more of the following Ad-36 proteins and/or one or more
immunogenic domains of any one of more of the following
proteins: hexon, fiber, CR1a, CR1y, and/or E4. In one
embodiment, an antigen useful in an immunotherapeutic
composition of the invention is a single Ad-36 protein (full-
length, near full-length, or portion thereof comprising at least,
one, two, three, four or more immunogenic domains of a
full-length protein). In one embodiment of the invention, an
immunotherapeutic composition includes one, two, three,
four, five or more individual yeast vehicles, each expressing
or containing a different Ad-36 antigen.

In one embodiment of the invention, the Ad-36 antigen(s)
for use in a composition or method of the invention is an
Ad-36 antigen comprising or consisting of hexon, fiber,
CR1a, CR1y, and/or E4 and/or one or more domains (struc-
tural, functional or immunogenic) thereof, or any combina-
tion thereof. In one aspect, any one or more of these proteins
or domains is full-length or near full-length. According to the
present invention, reference to a “full-length” protein (or a
full-length functional domain or full-length immunological
domain) includes the full-length amino acid sequence of the
protein or functional domain or immunological domain, as
described herein or as otherwise known or described in a
publicly available sequence. A protein or domain that is “near
full-length”, which is also a type of homologue of a protein,
differs from a full-length protein or domain, by the addition or
deletionof'1,2,3,4,5,6,7,8,9, or 10 amino acids from the
N- and/or C-terminus of such a full-length protein or full-
length domain. General reference to a protein or domain can
include both full-length and near full-length proteins, as well
as other homologues thereof. In one aspect, one or more of
these proteins or domains comprise or consistof 1, 2,3, 4, 5,
6,7,8,9,or 10 or more immunogenic domains. In one aspect,
any one or more of these proteins or domains comprises at
least 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, or 99% of the linear sequence of the correspond-
ing full-length sequence or of a specified domain or portion of
the full-length sequence. An N-terminal expression sequence
and/or a C-terminal tag are optional for use with the Ad-36
antigens, and may be selected from several different
sequences described elsewhere herein to improve expression,
stability, and/or allow for identification and/or purification of
the protein, or one or both of the N- or C-terminal sequences
are omitted altogether. In addition, many different promoters
suitable for use in yeast are known in the art. Furthermore if
two or more Ad-36 proteins or domains thereof are included
in an Ad-36 antigen, short intervening linker sequences (e.g.,
1,2,3, 4, or5, or larger, amino acid peptides) may optionally
be introduced between portions of the protein or between the
proteins and other elements (e.g., N-terminal peptides) for a
variety of reasons, including the introduction of restriction
enzyme sites to facilitate cloning and future manipulation of
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the constructs. Finally, as discussed elsewhere herein, the
sequences described herein are exemplary, and may be modi-
fied as described above to substitute, add, or delete sequences
in order to accommodate preferences for Ad-36 strain or
isolate, or consensus sequences and inclusion of preferred T
cell epitopes, including dominant and/or subdominant T cell
epitopes.

In one aspect of the invention, the Ad-36 antigens useful in
the invention are antigens that are divergent, or less con-
served, with respect to other adenoviruses (e.g., have rela-
tively low sequence homology or identity with the same or
equivalent proteins from other adenovirus serotypes/geno-
types). In one embodiment of the invention, a divergent
region of a protein, or reference to a protein or region of a
protein that is divergent with respect to other proteins of
similar structure and/or function (e.g., a region of an Ad-36
protein as compared to approximately the same or similar
region of the same protein or an equivalent protein from
another adenovirus serotype/genotype), is defined as a pro-
tein region for which there is less than about 60% average
amino acid identity between the reference sequence and at
least five other sequences from other sources that are equiva-
lent in structure and or function, determined, for example,
using a BLAST algorithm (described below). Accordingly,
proteins or domains or portions of proteins from Ad-36 that
are not highly conserved (are relatively or very non-con-
served) with other adenovirus serotypes/genotypes are
included in antigens and fusion proteins useful in the inven-
tion, in one embodiment of the invention. The inclusion of
Ad-36 antigens that are divergent from other adenovirus anti-
gens (e.g., similar or equivalent antigens, with respect to
structure and/or function, from other adenovirus serotypes or
genotypes) has the advantage of creating an immunothera-
peutic composition that is specific for Ad-36 and potentially
minimizes off-target effects of the immunotherapeutic or
dilution of the specificity of the immunotherapeutic. In
another aspect of the invention, antigens from conserved
regions of Ad-36 (e.g., regions with higher sequence homol-
ogy to other similar or equivalent antigens from other aden-
ovirus serotypes/genotypes) may be included in a fusion pro-
tein or composition of the invention, which has the advantage,
for example, of providing a broad spectrum immunothera-
peutic with potential applications beyond the treatment or
prevention of obesity and adipose-related conditions.

In one exemplary embodiment of the invention, the Ad-36
antigen(s) for use in a composition or method of the invention
is a protein comprising Ad-36 sequences, wherein the Ad-36
sequences comprise or consist of Ad-36 fiber protein and/or
one or more immunogenic domains of Ad-36 fiber protein. In
one aspect, the Ad-36 fiber antigen is full-length fiber protein
or near full-length fiber protein. In one aspect, the Ad-36 fiber
antigen comprises at least 80%, 85%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, or 99% of the linear sequence of
a full-length Ad-36 fiber antigen or an immunogenic domain
or portion thereof. In one aspect, the Ad-36 fiber antigen is at
least 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, or 99% identical to a full-length Ad-36 fiber
antigen or an immunogenic domain or portion thereof. In one
embodiment, a protein useful in a composition or method of
the invention comprises or consists of divergent domains or
portions, i.e., relatively non-conserved domains or portions,
with respect to other adenoviruses, of Ad-36 fiber protein. For
example, an Ad-36 fiber protein construct according to this
embodiment can be comprised of a fusion of one, two, three,
four, or more different regions of Ad-36 fiber protein that are
poorly conserved across human adenoviral genotypes.

10

15

20

25

30

35

40

45

50

55

60

65

16

Examples of such fusion proteins are described in Example
1. One Ad-36 antigen comprising fiber protein sequence
described in Example 1 is a fusion protein expressed as a
single polypeptide with the following sequence elements
fused in frame from N- to C-terminus, represented by SEQ ID
NO:42: (1) an N-terminal peptide to impart resistance to
proteasomal degradation and stabilize expression (positions 1
to 6 of SEQ ID NO:42); (2) positions 71-136 of Ad-36 fiber
(positions 71-136 of SEQ ID NO:34 or a corresponding
sequence from another Ad-36 strain or isolate), correspond-
ing to positions 7-72 of SEQ ID NO:42; (3) positions 145-169
of Ad-36 fiber (positions 145-169 of SEQ ID NO:34 or a
corresponding sequence from another Ad-36 strain or iso-
late), corresponding to positions 73-97 of SEQ ID NO:42; (4)
positions 290-313 of Ad-36 fiber (positions 290-313 of SEQ
ID NO:34 or a corresponding sequence from another Ad-36
strain or isolate), corresponding to positions 98-194 of SEQ
1D NO:42; (5) positions 334-363 of Ad-36 fiber (positions
334-363 of SEQID NO:34 or a corresponding sequence from
another Ad-36 strain or isolate), corresponding to positions
195-224 of SEQ ID NO:42; and (6) a hexahistidine tag (posi-
tions 225-230 of SEQ ID NO:42). A nucleic acid sequence
encoding the fusion protein of SEQ ID NO:42 (codon opti-
mized for yeast expression) is also included in the present
invention.

Another Ad-36 antigen comprising fiber protein sequence
described in Example 1 is a fusion protein expressed as a
single polypeptide with the following sequence elements
fused in frame from N- to C-terminus, represented by SEQ ID
NO:48: (1) an N-terminal peptide to impart resistance to
proteasomal degradation and stabilize or enhance expression
(SEQ ID NO:56, or positions 1 to 89 of SEQ ID NO: 48); (2)
a two amino acid spacer/linker (Thr-Ser) to facilitate cloning
and manipulation of the sequences (positions 90 to 91 of SEQ
1D NO:48); (3) positions 71-136 of Ad-36 fiber (positions
71-136 of SEQ ID NO:34 or a corresponding sequence from
another Ad-36 strain or isolate), corresponding to positions
92-157 of SEQ ID NO:48; (4) positions 145-169 of Ad-36
fiber (positions 145-169 of SEQ ID NO:34 or a corresponding
sequence from another Ad-36 strain or isolate), correspond-
ing to positions 158-182 of SEQ ID NO:48; (5) positions
290-313 of Ad-36 fiber (positions 290-313 of SEQ ID NO:34
or a corresponding sequence from another Ad-36 strain or
isolate), corresponding to positions 183-279 of SEQ ID
NO:48; (6) positions 334-363 of Ad-36 fiber (positions 334-
363 of SEQ ID NO:34 or a corresponding sequence from
another Ad-36 strain or isolate), corresponding to positions
280-309 of SEQ ID NO:48; and (7) a hexahistidine tag (posi-
tions 310-315 of SEQ ID NO:48). A nucleic acid sequence
encoding the fusion protein of SEQ ID NO:48 (codon opti-
mized for yeast expression) is also included in the present
invention.

The amino acid segments used in these fusion proteins can
be modified by the use of additional amino acids flanking
either end of any domain; the examples provided herein are
exemplary only. In addition, the N-terminal expression
sequence (e.g., positions 1 to 6 of SEQ ID NO:42 or positions
1-89 of SEQ ID NO:48) and the C-terminal tag (e.g., posi-
tions 225-230 of SEQ ID NO:42 or positions 310-315 of SEQ
ID NO:48) are optional, and may be selected instead from
other different sequences described elsewhere herein or
known in the art to improve expression, stability, and/or allow
for identification and/or purification of the protein, or one or
both may be omitted altogether. Furthermore, short interven-
ing linker sequences such as that exemplified in SEQ ID
NO:48 (e.g., 1,2, 3, 4, or 5, or larger, amino acid peptides)
may be introduced between portions of the fusion protein for
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a variety of reasons, including the introduction of restriction
enzyme sites to facilitate cloning as cleavage sites for host
phagosomal proteases, to accelerate protein or antigen pro-
cessing, and for future manipulation of the constructs. The
amino acid sequence consisting of only the Ad-36 fiber pro-
teins in the fusion proteins described above is represented
herein by SEQ ID NO:49. SEQ ID NO:49 is a fusion protein
expressed as a single polypeptide: (1) positions 71-136 of
Ad-36 fiber (positions 71-136 of SEQ ID NO:34 or a corre-
sponding sequence from another Ad-36 strain or isolate),
corresponding to positions 1-66 of SEQ ID NO:49; (2) posi-
tions 145-169 of Ad-36 fiber (positions 145-169 of SEQ ID
NO:34 or a corresponding sequence from another Ad-36
strain or isolate), corresponding to positions 67-91 of SEQ ID
NO:49; (3) positions 290-313 of Ad-36 fiber (positions 290-
313 of SEQ ID NO:34 or a corresponding sequence from
another Ad-36 strain or isolate), corresponding to positions
92-188 of SEQ ID NO:49; and (4) positions 334-363 of Ad-36
fiber (positions 334-363 of SEQ ID NO:34 or a corresponding
sequence from another Ad-36 strain or isolate), correspond-
ing to positions 189-218 of SEQ ID NO:49. A nucleic acid
sequence encoding the fusion protein of SEQ ID NO:49
(codon optimized for yeast expression) is also included in the
present invention.

In another exemplary embodiment of the invention, the
Ad-36 antigen(s) for use in a composition or method of the
invention is a protein comprising Ad-36 sequences, wherein
the Ad-36 sequences comprise or consist of Ad-36 hexon
protein and/or one or more immunogenic domains of Ad-36
hexon protein. In one aspect, the Ad-36 hexon antigen is
full-length hexon protein or near full-length hexon protein
(full-length and near full-length are defined above). In one
aspect, the Ad-36 hexon antigen comprises at least 80%, 85%,
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% of
the linear sequence of a full-length Ad-36 hexon protein or an
immunogenic domain or portion thereof. In one aspect, the
Ad-36 hexon antigen is at least 80%, 85%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, or 99% identical to a
full-length Ad-36 hexon protein or an immunogenic domain
or portion thereof. In one embodiment, a protein useful in a
composition or method of the invention comprises or consists
of divergent domains or portions, i.e., relatively non-con-
served domains or portions, with respect to other adenovi-
ruses, of Ad-36 hexon protein. For example, an Ad-36 hexon
protein construct according to this embodiment can be com-
prised of a fusion of one, two, three, four, five, or more
different regions of Ad-36 hexon protein that are poorly con-
served across human adenoviral genotypes.

Examples of such fusion proteins comprising hexon pro-
teins are described in Example 1. One such Ad-36 antigen
comprising hexon protein sequences derived from divergent
portions of Ad-36 hexon is a fusion protein expressed as a
single polypeptide with the following sequence elements
fused in frame from N- to C-terminus, represented by SEQ ID
NO:43: (1) an N-terminal peptide to impart resistance to
proteasomal degradation and stabilize expression (positions 1
to 6 of SEQID NO:43); (2) positions 136-218 of Ad-36 hexon
(positions 136-218 of SEQ ID NO:18 or a corresponding
sequence from another Ad-36 strain or isolate), correspond-
ing to positions 7-89 of SEQ ID NO:43; (3) positions 235-285
of Ad-36 hexon (positions 235-285 of SEQ ID NO:18 or a
corresponding sequence from another Ad-36 strain or iso-
late), corresponding to positions 90-141 of SEQ ID NO:43;
(4) positions 297-308 of Ad-36 hexon (positions 297-308 of
SEQ ID NO:18 or a corresponding sequence from another
Ad-36 strain or isolate), corresponding to positions 142-153
of SEQ ID NO:43; (5) positions 410-450 of Ad-36 hexon
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(positions 410-450 of SEQ ID NO:18 or a corresponding
sequence from another Ad-36 strain or isolate), correspond-
ing to positions 154-194 of SEQ ID NO:43; and (6) a hexa-
histidine tag (positions 195-200 of SEQ ID NO:43). A nucleic
acid sequence encoding the fusion protein of SEQ ID NO:43
(codon optimized for yeast expression) is also included in the
present invention.

Another Ad-36 antigen comprising hexon protein
sequence derived from divergent portions of Ad-36 sequence
is a fusion protein expressed as a single polypeptide with the
following sequence elements fused in frame from N- to C-ter-
minus, represented by SEQ ID NO:50: (1) an N-terminal
peptide to impart resistance to proteasomal degradation and
stabilize or enhance expression (SEQ ID NO:56, or positions
1 to 89 of SEQ ID NO:50); 2) a two amino acid spacer/linker
(Thr-Ser) to facilitate cloning and manipulation of the
sequences (positions 90 to 91 of SEQ ID NO:50); (3) posi-
tions 136-218 of Ad-36 hexon (positions 136-218 of SEQ ID
NO:18 or a corresponding sequence from another Ad-36
strain or isolate), corresponding to positions 92-174 of SEQ
1D NO:50; (4) positions 235-285 of Ad-36 hexon (positions
235-285 of SEQID NO:18 or a corresponding sequence from
another Ad-36 strain or isolate), corresponding to positions
175-226 of SEQ ID NO:50; (5) positions 297-308 of Ad-36
hexon (positions 297-308 of SEQ ID NO:18 or a correspond-
ing sequence from another Ad-36 strain or isolate), corre-
sponding to positions 227-238 of SEQ ID NO:50; (6) posi-
tions 410-450 of Ad-36 hexon (positions 410-450 of SEQ ID
NO:18 or a corresponding sequence from another Ad-36
strain or isolate), corresponding to positions 239-279 of SEQ
ID NO:50; and (7) a hexahistidine tag (positions 280-285 of
SEQ ID NO:50). A nucleic acid sequence encoding the fusion
protein of SEQ ID NO: 50 (codon optimized for yeast expres-
sion) is also included in the present invention.

The amino acid segments used in these hexon-based fusion
proteins described above can be modified by the use of addi-
tional amino acids flanking either end of any domain; the
examples provided herein are exemplary only. In addition, the
N-terminal expression sequence (e.g., positions 1 to 6 of SEQ
ID NO:43 or positions 1-89 of SEQ ID NO:50) and the
C-terminal tag (e.g., positions 195-200 of SEQ ID NO:43 or
positions 280-285 of SEQ ID NO:50) are optional, and may
be selected instead from other different sequences described
elsewhere herein or known in the art to improve expression,
stability, and/or allow for identification and/or purification of
the protein, or one or both may be omitted altogether. Fur-
thermore, short intervening linker sequences such as that
exemplified in SEQ ID NO:48 (e.g., 1, 2, 3, 4, or 5, or larger,
amino acid peptides) may be introduced between portions of
the fusion protein for a variety of reasons, including the
introduction of restriction enzyme sites to facilitate cloning as
cleavage sites for host phagosomal proteases, to accelerate
protein or antigen processing, and for future manipulation of
the constructs. The amino acid sequence consisting of only
the Ad-36 hexon proteins in the fusion proteins described
above is represented herein by SEQ ID NO:51. SEQ ID
NO:51 is a fusion protein expressed as a single polypeptide:
(1) positions 136-218 of Ad-36 hexon (positions 136-218 of
SEQ ID NO:18 or a corresponding sequence from another
Ad-36 strain or isolate), corresponding to positions 1-83 of
SEQ ID NO:51; (2) positions 235-285 of Ad-36 hexon (posi-
tions 235-285 of SEQ ID NO: 18 or a corresponding sequence
from another Ad-36 strain or isolate), corresponding to posi-
tions 84-135 of SEQ ID NO:51; (3) positions 297-308 of
Ad-36 hexon (positions 297-308 of SEQ ID NO:18 or a
corresponding sequence from another Ad-36 strain or iso-
late), corresponding to positions 136-147 of SEQ ID NO:51;
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and (4) positions 410-450 of Ad-36 hexon (positions 410-450
of SEQ ID NO:18 or a corresponding sequence from another
Ad-36 strain or isolate), corresponding to positions 148-188
of SEQIDNO:51. Any suitable N-terminal and/or C-terminal
sequence may be appended to this sequence, as described
above for SEQ ID NOs:43 and 50, or one or both may be
omitted. A nucleic acid sequence encoding the fusion protein
of SEQ ID NO:51 (codon optimized for yeast expression) is
also included in the present invention.

An Ad-36 antigen comprising full-length or near full-
length hexon protein sequence described in Example 1 is a
fusion protein expressed as a single polypeptide with the
following sequence elements fused in frame from N- to C-ter-
minus, represented by SEQ ID NO:44: (1) an N-terminal
peptide to impart resistance to proteasomal degradation and
stabilize expression (positions 1 to 6 of SEQ ID NO:44); (2)
positions 2-944 of Ad-36 hexon (positions 2-944 of SEQ ID
NO:18 or a corresponding sequence from another Ad-36
strain or isolate), corresponding to positions 7-949 of SEQ ID
NO:44; and (3) ahexahistidine tag (positions 950-955 of SEQ
1D NO:44). This construct contains demonstrated or putative
MHC Class I epitopes (e.g., positions 119-129 of SEQ ID
NO:44; positions 319-327 of SEQ ID NO:44; positions 710-
718 of SEQ ID NO:44; positions 843-851 of SEQ ID NO:44;
orpositions 909-915 of SEQ ID NO:44), and demonstrated or
putative MHC Class II epitopes (e.g., positions 15-25 of SEQ
1D NO:44; positions 31-41 of SEQ ID NO:44; 321-335 of
SEQ ID NO:44; positions 373-383 of SEQ ID NO:44; posi-
tions 707-718 of SEQ ID NO:44; or positions 862-872 of
SEQ ID NO:44). A nucleic acid sequence encoding the fusion
protein of SEQ ID NO:44 (codon optimized for yeast expres-
sion) is also included in the present invention.

Another Ad-36 antigen comprising full-length or near full-
length hexon protein sequence described in Example 1 is a
fusion protein expressed as a single polypeptide with the
following sequence elements fused in frame from N- to C-ter-
minus, represented by SEQ ID NO:52: (1) an N-terminal
peptide to impart resistance to proteasomal degradation and
stabilize or enhance expression (SEQ ID NO:56, or positions
1to 89 of SEQ ID NO:52); 2) a two amino acid spacer/linker
(Thr-Ser) to facilitate cloning and manipulation of the
sequences (positions 90 to 91 of SEQ ID NO:52); (3) posi-
tions 2-944 of Ad-36 hexon (positions 2-944 of SEQ ID
NO:18 or a corresponding sequence from another Ad-36
strain or isolate), corresponding to positions 92-1034 of SEQ
1D NO:52; and (3) a hexahistidine tag (positions 1035-1040
of SEQ ID NO:52). This construct contains demonstrated or
putative MHC Class I epitopes (e.g., positions 204-214 of
SEQ ID NO:52; positions 404-412 of SEQ ID NO:52; posi-
tions 795-803 of SEQ ID NO:52; positions 928-936 of SEQ
1D NO:52; or positions 994-1000 of SEQ ID NO:52), and
demonstrated or putative MHC Class 11 epitopes (e.g., posi-
tions 100-110 of SEQ ID NO:52; positions 116-126 of SEQ
1D NO:52; 406-420 of SEQ ID NO:52; positions 458-468 of
SEQ ID NO:52; positions 792-803 of SEQ ID NO:52; or
positions 947-957 of SEQ ID NO:52). A nucleic acid
sequence encoding the fusion protein of SEQ ID NO:52
(codon optimized for yeast expression) is also included in the
present invention.

The amino acid segments used in these hexon-based fusion
proteins described above can be modified by the use of addi-
tional amino acids flanking either end of any domain; the
examples provided herein are exemplary only. In addition, the
N-terminal expression sequence (e.g., positions 1 to 6 of SEQ
ID NO:44 or positions 1-89 of SEQ ID NO:52) and the
C-terminal tag (e.g., positions 950-955 of SEQ ID NO:44 or
positions 1035-1040 of SEQ ID NO:52) are optional, and
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may be selected instead from other different sequences
described elsewhere herein or known in the art to improve
expression, stability, and/or allow for identification and/or
purification of the protein, or one or both may be omitted
altogether. Furthermore, short intervening linker sequences
such as that exemplified in SEQ ID NO:48 (e.g., 1,2,3, 4, 0or
5, or larger, amino acid peptides) may be introduced between
portions of the fusion protein for a variety of reasons, includ-
ing the introduction of restriction enzyme sites to facilitate
cloning as cleavage sites for host phagosomal proteases, to
accelerate protein or antigen processing, and for future
manipulation of the constructs. The amino acid sequence
consisting of only the Ad-36 hexon protein in the fusion
proteins described above is represented herein by SEQ ID
NO:53. SEQ ID NO:53 is a fusion protein expressed as a
single polypeptide and comprises positions 2-944 of Ad-36
hexon (positions 2-944 of SEQ ID NO:18 or a corresponding
sequence from another Ad-36 strain or isolate), correspond-
ing to positions 1-943 of SEQ ID NO:53. This construct
contains demonstrated or putative MHC Class I epitopes
(e.g., positions 113-123 of SEQ ID NO:53; positions 313-321
of SEQ ID NO:53; positions 704-712 of SEQ ID NO:53;
positions 837-845 of SEQ ID NO:53; or positions 903-909 of
SEQ ID NO:53), and demonstrated or putative MHC Class 11
epitopes (e.g., positions 9-19 of SEQ ID NO:53; positions
25-35 of SEQ ID NO:53; 315-329 of SEQ ID NO:53; posi-
tions 367-377 of SEQ ID NO:53; positions 701-712 of SEQ
ID NO:53; or positions 856-866 of SEQ ID NO:53). Any
suitable N-terminal and/or C-terminal sequence may be
appended to this sequence, as described above for SEQ ID
NOs:44 and 52, or one or both may be omitted. A nucleic acid
sequence encoding the fusion protein of SEQ ID NO:53
(codon optimized for yeast expression) is also included in the
present invention.

In another exemplary embodiment of the invention, the
Ad-36 antigen(s) for use in a composition or method of the
invention is a protein comprising Ad-36 sequences, wherein
the Ad-36 sequences comprise or consist of Ad-36 hexon
protein and fiber protein and/or one or more immunogenic
domains of hexon protein and fiber protein. In one aspect, the
Ad-36 hexon and/or the Ad-36 fiber antigen are full-length
proteins or near full-length proteins (full-length and near
full-length are defined above). In one aspect, the Ad-36 hexon
and/or fiber antigen comprises at least 80%, 85%, 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% of the linear
sequence of a full-length Ad-36 protein or immunogenic
domain or portion thereof. In one aspect, the Ad-36 hexon
and/or the Ad-36 fiber antigen is at least 80%, 85%, 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% iden-
tical to a full-length Ad-36 protein or immunogenic domain
or portion thereof. In one embodiment, a protein useful in a
composition or method of the invention comprises or consists
of divergent domains or portions, i.e., relatively non-con-
served domains or portions, with respect to other adenovi-
ruses, of Ad-36 hexon protein and Ad-36 fiber protein. For
example, an Ad-36 hexon-fiber or fiber-hexon protein con-
struct according to this embodiment can be comprised of a
fusion of one, two, three, four, five, or more different regions
of Ad-36 hexon protein that are poorly conserved across
human adenoviral genotypes, and one, two, three, four, five or
more different regions of Ad-36 fiber protein that are poorly
conserved across human adenoviral genotypes.

Examples of such fusion proteins comprising both hexon
and fiber proteins are described in Example 1. One such
Ad-36 antigen comprising hexon and fiber protein sequences
derived from divergent portions of Ad-36 hexon and fiber is a
fusion protein expressed as a single polypeptide with the
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following sequence elements fused in frame from N- to C-ter-
minus, represented by SEQ ID NO:45: (1) an N-terminal
peptide to impart resistance to proteasomal degradation and
stabilize expression (positions 1 to 6 of SEQ ID NO:45); (2)
positions 71-136 of Ad-36 fiber (positions 71-136 of SEQ ID
NO:34 or a corresponding sequence from another Ad-36
strain or isolate), corresponding to positions 7-72 of SEQ ID
NO:45; (3) positions 145-169 of Ad-36 fiber (positions 145-
169 of SEQ ID NO:34 or a corresponding sequence from
another Ad-36 strain or isolate), corresponding to positions
73-97 of SEQ ID NO:45; (4) positions 290-313 of Ad-36 fiber
(positions 290-313 of SEQ ID NO:34 or a corresponding
sequence from another Ad-36 strain or isolate), correspond-
ing to positions 98-194 of SEQ ID NO:45; (5) positions
334-363 of Ad-36 fiber (positions 334-363 of SEQ ID NO:34
or a corresponding sequence from another Ad-36 strain or
isolate), corresponding to positions 195-224 of SEQ ID
NO:45; (6) positions 136-218 of Ad-36 hexon (positions 136-
218 of SEQ ID NO:18 or a corresponding sequence from
another Ad-36 strain or isolate), corresponding to positions
225-307 of SEQ ID NO:45; (7) positions 235-285 of Ad-36
hexon (positions 235-285 of SEQ ID NO: 18 or a correspond-
ing sequence from another Ad-36 strain or isolate), corre-
sponding to positions 308-359 of SEQ ID NO:45; (8) posi-
tions 297-308 of Ad-36 hexon (positions 297-308 of SEQ ID
NO:18 or a corresponding sequence from another Ad-36
strain or isolate), corresponding to positions 360-371 of SEQ
1D NO:45; (9) positions 410-450 of Ad-36 hexon (positions
410-450 of SEQID NO: 18 or a corresponding sequence from
another Ad-36 strain or isolate), corresponding to positions
372-412 of SEQ ID NO:45; and (10) a hexahistidine tag
(positions 413-418 of SEQ ID NO:45).

Another Ad-36 antigen comprising hexon and fiber protein
sequences derived from divergent portions of Ad-36 hexon
and fiber is a fusion protein expressed as a single polypeptide
with the following sequence elements fused in frame from N-
to C-terminus, represented by SEQ ID NO:46: (1) an N-ter-
minal peptide to impart resistance to proteasomal degradation
and stabilize expression (positions 1 to 6 of SEQ ID NO:46);
(2) positions 136-218 of Ad-36 hexon (positions 136-218 of
SEQ ID NO:18 or a corresponding sequence from another
Ad-36 strain or isolate), corresponding to positions 7-89 of
SEQ ID NO:46; (3) positions 235-285 of Ad-36 hexon (posi-
tions 235-285 of SEQ ID NO: 18 or a corresponding sequence
from another Ad-36 strain or isolate), corresponding to posi-
tions 90-141 of SEQ ID NO:46; (4) positions 297-308 of
Ad-36 hexon (positions 297-308 of SEQ ID NO:18 or a
corresponding sequence from another Ad-36 strain or iso-
late), corresponding to positions 142-153 of SEQ ID NO:46;
(5) positions 410-450 of Ad-36 hexon (positions 410-450 of
SEQ ID NO:18 or a corresponding sequence from another
Ad-36 strain or isolate), corresponding to positions 154-194
of SEQ ID NO:46; (6) positions 71-136 of Ad-36 fiber (posi-
tions 71-136 of SEQ ID NO:34 or a corresponding sequence
from another Ad-36 strain or isolate), corresponding to posi-
tions 195-260 of SEQ ID NO:46; (7) positions 145-169 of
Ad-36 fiber (positions 145-169 of SEQ ID NO:34 or a corre-
sponding sequence from another Ad-36 strain or isolate),
corresponding to positions 261-285 of SEQ ID NO:46; (8)
positions 290-313 of Ad-36 fiber (positions 290-313 of SEQ
1D NO:34 or a corresponding sequence from another Ad-36
strain or isolate), corresponding to positions 286-382 of SEQ
1D NO:46; (9) positions 334-363 of Ad-36 fiber (positions
334-363 of SEQID NO:34 or a corresponding sequence from
another Ad-36 strain or isolate), corresponding to positions
383-412 of SEQ ID NO:46; and (10) a hexahistidine tag
(positions 413-418 of SEQ ID NO:46). A nucleic acid

25

40

45

22

sequence encoding the fusion protein of SEQ ID NO:45 or
SEQ ID NO:46 (codon optimized for yeast expression) is also
included in the present invention.

The amino acid segments used in any of the fusion proteins
described above can be modified by the use of additional
amino acids flanking either end of any domain; the examples
provided herein are exemplary only. The N-terminal expres-
sion sequence (positions 1 to 6 of SEQ ID NO:45 or 46) and
the C-terminal tag (positions 413-418 of SEQ ID NO:45 or
46) are optional, and may be selected instead from other
different sequences described elsewhere herein or known in
the art to improve expression, stability, and/or allow for iden-
tification and/or purification of the protein, or one or both may
be omitted altogether. Furthermore, short intervening linker
sequences such as that exemplified in SEQ ID NO:48 (e.g., 1,
2,3, 4, or 5, or larger, amino acid peptides) may be introduced
between portions of the fusion protein for a variety of reasons,
including the introduction of restriction enzyme sites to
facilitate cloning as cleavage sites for host phagosomal pro-
teases, to accelerate protein or antigen processing, and for
future manipulation of the constructs. For example, a fusion
protein omitting both the N- and C-terminal sequences of
SEQ ID NO:45 is represented by positions 7-412 of SEQ ID
NO:45 and a fusion protein omitting both the N- and C-ter-
minal sequences of SEQ ID NO:46 is represented by posi-
tions 7-412 of SEQ ID NO:46.

In yet another exemplary embodiment of the invention, the
Ad-36 antigen(s) for use in a composition or method of the
invention is a protein comprising Ad-36 sequences, wherein
the Ad-36 sequences comprise or consist of Ad-36 CR1a
protein and/or Ad-36 CR 1y and/or one or more immunogenic
domains of CR1a and/or CR1y. In one aspect, the Ad-36
CR1ca and/or the Ad-36 CR 1y antigen are full-length proteins
or near full-length proteins (full-length and near full-length
are defined above). In one aspect, the Ad-36 CR1c and/or the
Ad-36 CR1y antigen comprises at least 80%, 85%, 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% of the
linear sequence of a full-length Ad-36 protein or immuno-
genic domain or portion thereof. In one aspect, the Ad-36
CR1a and/or the Ad-36 CR1y antigen is at least 80%, 85%,
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99%
identical to a full-length Ad-36 protein or immunogenic
domain or portion thereof. In one embodiment, a protein
useful in a composition or method of the invention comprises
or consists of divergent domains or portions, i.e., relatively
non-conserved domains or portions, with respect to other
adenoviruses, of Ad-36 CR1a and/or CR1y. For example, an
Ad-36 CR1a and/or CR1y protein construct according to this
embodiment can be comprised of a fusion of one, two, three,
four, five, or more different regions of Ad-36 CR1a and/or
CR1y protein that are poorly conserved across human aden-
oviral genotypes. In one embodiment, a notably hydrophobic
N-terminal region is omitted from CR1c in a protein of the
invention (e.g., about positions 1-17 of the mature protein) to
minimize the risk of aggregation and/or insolubility when
that protein is expressed in yeast. In one embodiment, a
C-terminal segment of mature CR 1 is omitted from proteins
used in the invention because of notable hydrophobicity (po-
sitions 158-177) plus high sequence conservation with other
adenovirus serotypes/genotypes (positions 158 through
C-terminus). In another embodiment, the N-terminal posi-
tions 1-18 of CR1y are omitted from proteins used in the
invention as they contain both highly conserved amino acid
positions with other adenovirus serotypes/genotypes, and
they also contain a very hydrophobic element.

Examples of such fusion proteins comprising both CR1a
and CR1y proteins are described in Example 1. One such
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Ad-36 antigen comprising CRla and CRly protein
sequences derived from divergent and/or selected portions of
Ad-36 CR1a and CR1y is a fusion protein expressed as a
single polypeptide with the following sequence elements
fused in frame from N- to C-terminus, represented by SEQ ID
NO:47: (1) an N-terminal peptide to impart resistance to
proteasomal degradation and stabilize expression (positions 1
to 6 of SEQ ID NO:47); (2) positions 18-60 of CR1a (posi-
tions 18-60 of SEQ ID NO:26 or a corresponding sequence
from another Ad-36 strain or isolate), corresponding to posi-
tions 7-49 of SEQ ID NO:47; (3) positions 123-157 of Ad-36
CR1a (positions 123-157 of SEQ ID NO:26 or a correspond-
ing sequence from another Ad-36 strain or isolate), corre-
sponding to positions 50-84 of SEQ ID NO:47; (4) positions
19-60 of Ad-36 CR1y (positions 19-60 of SEQ ID NO:29 or
a corresponding sequence from another Ad-36 strain or iso-
late), corresponding to positions 85-126 of SEQ ID NO:47;
(5) positions 83-116 of Ad-36 CR1y (positions 83-116 of
SEQ ID NO:29 or a corresponding sequence from another
Ad-36 strain or isolate), corresponding to positions 127-160
of SEQ ID NO:47; and (6) a hexahistidine tag (positions
161-166 of SEQ ID NO:47). The amino acid segments used in
any of the fusion proteins described above can be modified by
the use of additional amino acids flanking either end of any
domain; the examples provided herein are exemplary only. A
nucleic acid sequence encoding the fusion protein of SEQ ID
NO:47 (codon optimized for yeast expression) is also
included in the present invention.

Another Ad-36 antigen comprising CR1a and CR1y pro-
tein sequences described in Example 1 is a fusion protein
expressed as a single polypeptide with the following
sequence elements fused in frame from N- to C-terminus,
represented by SEQ ID NO:54: (1) an N-terminal peptide to
impart resistance to proteasomal degradation and stabilize or
enhance expression (SEQ ID NO:56, or positions 1 to 89 of
SEQ ID NO:54); 2) a two amino acid spacer/linker (Thr-Ser)
to facilitate cloning and manipulation of the sequences (posi-
tions 90 to 91 of SEQ ID NO:54); (3) positions 18-60 of
CR1a (positions 18-60 of SEQ ID NO:26 or a corresponding
sequence from another Ad-36 strain or isolate), correspond-
ing to positions 92-134 of SEQ ID NO:54; (4) positions
123-157 of Ad-36 CRla (positions 123-157 of SEQ ID
NO:26 or a corresponding sequence from another Ad-36
strain or isolate), corresponding to positions 135-169 of SEQ
1D NO:54; (5) positions 19-60 of Ad-36 CR1y (positions
19-60 of SEQ ID NO:29 or a corresponding sequence from
another Ad-36 strain or isolate), corresponding to positions
170-211 of SEQ ID NO:54; (6) positions 83-116 of Ad-36
CR1y (positions 83-116 of SEQID NO:29 or a corresponding
sequence from another Ad-36 strain or isolate), correspond-
ing to positions 212-245 of SEQ ID NO:54; and (7) a hexa-
histidine tag (positions 246-251 of SEQ ID NO:54). A nucleic
acid sequence encoding the fusion protein of SEQ ID NO:54
(codon optimized for yeast expression) is also included in the
present invention.

The amino acid segments used in these CR1a and CR1y-
based fusion proteins described above can be modified by the
use of additional amino acids flanking either end of any
domain; the examples provided herein are exemplary only. In
addition, the N-terminal expression sequence (e.g., positions
1to 6 of SEQ ID NO:47 or positions 1-89 of SEQ ID NO:54)
and the C-terminal tag (e.g., positions 161-166 of SEQ ID
NO:47 or positions 246-251 of SEQ ID NO:54) are optional,
and may be selected instead from other different sequences
described elsewhere herein or known in the art to improve
expression, stability, and/or allow for identification and/or
purification of the protein, or one or both may be omitted
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altogether. Furthermore, short intervening linker sequences
such as that exemplified in SEQ ID NO:48 (e.g., 1,2,3, 4, 0or
5, or larger, amino acid peptides) may be introduced between
portions of the fusion protein for a variety of reasons, includ-
ing the introduction of restriction enzyme sites to facilitate
cloning as cleavage sites for host phagosomal proteases, to
accelerate protein or antigen processing, and for future
manipulation of the constructs. The amino acid sequence
consisting of only the Ad-36 CR1a and CR1y proteins in the
fusion proteins described above is represented herein by SEQ
ID NO:55. SEQ ID NO:55 is a fusion protein expressed as a
single polypeptide: (1) positions 18-60 of CR1a (positions
18-60 of SEQ ID NO:26 or a corresponding sequence from
another Ad-36 strain or isolate), corresponding to positions
1-43 of SEQ ID NO:55; (2) positions 123-157 of Ad-36
CR1a (positions 123-157 of SEQ ID NO:26 or a correspond-
ing sequence from another Ad-36 strain or isolate), corre-
sponding to positions 44-78 of SEQ ID NO:55; (3) positions
19-60 of Ad-36 CR1y (positions 19-60 of SEQ ID NO:29 or
a corresponding sequence from another Ad-36 strain or iso-
late), corresponding to positions 79-120 of SEQ ID NO:55;
and (4) positions 83-116 of Ad-36 CR1y (positions 83-116 of
SEQ ID NO:29 or a corresponding sequence from another
Ad-36 strain or isolate), corresponding to positions 121-154
of SEQ IDNO:55. Any suitable N-terminal and/or C-terminal
sequence may be appended to this sequence, as described
above for SEQ ID NOs:47 and 54, or one or both may be
omitted. A nucleic acid sequence encoding the fusion protein
of SEQ ID NO:55 (codon optimized for yeast expression) is
also included in the present invention.

The invention also includes homologues of any of the
above-described fusion proteins, as well as the use of homo-
logues, variants, or mutants of the individual Ad-36 proteins
or portions thereof that are part of such fusion proteins. In one
aspect, the invention includes the use of fusion proteins hav-
ing amino acid sequences that are at least 85%, 86%, 87%,
88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%,
98%, or 99% identical to the amino acid sequence of the
fusion proteins described herein over the full length of the
fusion protein, or with respect to a defined protein or domain
thereof (immunological domain or functional domain (do-
main with at least one biological activity)) that forms part of
the fusion protein.

Recombinant nucleic acid molecules useful in a yeast-
based composition of the invention do not include the full
length genome of Ad-36, but rather include less than the
full-length Ad-36 genome. Typically, recombinant nucleic
acid molecules useful in a yeast-based composition of the
invention include one or more full-length coding sequences
and/or one or more coding sequences of domains (immuno-
genic or functional) for Ad-36 proteins. Proteins included in
a single yeast-based composition of the invention do not
include all of the proteins encoded by Ad-36. Preferably, a
yeast-based composition comprises one, two, three, four,
five, six, seven, eight, nine, ten or more proteins encoded by
Ad-36, and/or one or more immunogenic domains of any one
or more Ad-36 proteins.

Recombinant nucleic acid molecules and the proteins
encoded thereby, including fusion proteins, as one embodi-
ment of the invention, may be used in yeast-based immuno-
therapy compositions, or for any other suitable purpose for an
Ad-36 antigen(s), including in an in vitro assay, for the pro-
duction of antibodies, or in another immunotherapy compo-
sition, including another vaccine, that is not based on the
yeast-based immunotherapy described herein. Expression of
the proteins/antigens by yeast is one preferred embodiment,
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although other expression systems may be used to produce
the proteins/antigens for applications other than a yeast-based
immunotherapy composition.

Yeast-Based Immunotherapy Compositions. In various
embodiments of the invention, the invention includes the use
ofatleast one “yeast-based immunotherapeutic composition”
(which phrase may be used interchangeably with “yeast-
based immunotherapy product”, “yeast-based immuno-
therapy composition”, “yeast-based composition”, “yeast-
based immunotherapeutic”, “yeast-based vaccine”, or
derivatives of these phrases). An “immunotherapeutic com-
position” is a composition that elicits an immune response
sufficient to achieve at least one therapeutic benefit in a sub-
ject. As used herein, yeast-based immunotherapeutic compo-
sition refers to a composition that includes a yeast vehicle
component and that elicits an immune response sufficient to
achieve at least one therapeutic benefit in a subject. More
particularly, a yeast-based immunotherapeutic composition
is a composition that includes a yeast vehicle component and
can elicit or induce an immune response, such as a cellular
immune response, including without limitation a T cell-me-
diated cellular immune response. In one aspect, a yeast-based
immunotherapeutic composition useful in the invention is
capable of inducing a CD8* and/or a CD4" T cell-mediated
immune response and in one aspect, a CD8* and a CD4* T
cell-mediated immune response. A CD4" immune response
can include TH1 immune responses, THI17 immune
responses, or both, as yeast-based immunotherapeutics are
capable of generating both types of response. A CDS8*
immune response can include a cytotoxic T lymphocyte
(CTL) response, as yeast-based immunotherapeutics are
capable of generating such responses. In one aspect, a yeast-
based immunotherapeutic composition modulates the num-
ber and/or functionality of regulatory T cells (Tregs) in a
subject. Yeast-based immunotherapy can also be modified to
promote one type of response over another, e.g., by the addi-
tion of cytokines, antibodies, and/or modulating the manu-
facturing process for the yeast. Optionally, a yeast-based
immunotherapeutic composition is capable of eliciting a
humoral immune response. A yeast-based immunotherapeu-
tic composition useful in the present invention can, for
example, elicit an immune response in an individual such that
the individual is protected from Ad-36 infection and/or is
treated for Ad-36 infection or for symptoms resulting from
Ad-36 infection.

Yeast-based immunotherapy compositions of the invention
may be either “prophylactic” or “therapeutic”. When pro-
vided prophylactically, the compositions of the present inven-
tion are provided in advance of any symptom of Ad-36 infec-
tion. Such a composition could be administered at birth, in
early childhood, or to adults, and can include obese, over-
weight, non-obese, and non-overweight subjects. The pro-
phylactic administration of the immunotherapy compositions
serves to prevent subsequent Ad-36 infection, to resolve an
infection more quickly or more completely if Ad-36 infection
subsequently ensues, and/or to prevent or ameliorate the
symptoms of Ad-36 infection if infection subsequently
ensues. When provided therapeutically, the immunotherapy
compositions are provided at or after the onset of Ad-36
infection, with the goal of preventing or ameliorating at least
one symptom of the infection (e.g., preventing obesity in
non-obese, Ad-36-infected subjects, or reducing weight in
obese, Ad-36-infected subjects) and preferably, with a goal of
eliminating the infection, providing a long lasting remission
of infection, and/or providing long term immunity against
subsequent infections or reactivations of the virus.
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Typically, a yeast-based immunotherapy composition
includes a yeast vehicle and at least one antigen (e.g., an
Ad-36 protein) or immunogenic domain thereof expressed
by, attached to, or mixed with the yeast vehicle, wherein the
antigen is heterologous to the yeast, and wherein the antigen
comprises one or more Ad-36 proteins or immunogenic
domains thereof. In some embodiments, the antigen or immu-
nogenic domain thereof is provided as a fusion protein. Sev-
eral Ad-36 fusion proteins suitable for use in the composi-
tions and methods of the invention have been described
above. In one aspect of the invention, fusion protein can
include two or more antigens. In one aspect, the fusion protein
can include two or more immunogenic domains of one or
more antigens, or two or more epitopes of one or more anti-
gens.

A TARMOGEN® is one non-limiting example of a yeast-
based immunotherapy composition that is useful in the
present invention. A TARMOGEN® (TARgeted MOlecular
immunoGEN, Globelmmune, Inc., Louisville, Colo.) gener-
ally refers to a yeast vehicle expressing one or more heterolo-
gous antigens extracellularly (on its surface), intracellularly
(internally or cytosolically) or both extracellularly and intra-
cellularly. TARMOGEN®s have been generally described in
the art. See, e.g., U.S. Pat. No. 5,830,463.

Yeast-based immunotherapy compositions, and methods
of making and generally using the same, are described in
detail, for example, in U.S. Pat. No. 5,830,463, U.S. Pat. No.
7,083,787, U.S. Pat. No. 7,736,642, Stubbs et al., Nat. Med.
7:625-629 (2001), Lu et al., Cancer Research 64:5084-5088
(2004), and in Bernstein et al., Vaccine 2008 Jan. 24; 26(4):
509-21, each of which is incorporated herein by reference in
its entirety. These yeast-based immunotherapeutic products
have been shown to elicit immune responses, including cel-
Iular and humoral immune responses. Yeast-based immuno-
therapeutic products are capable of killing target cells
expressing a variety of antigens in vivo, in a variety of animal
species, and to do so via antigen-specific, CD4" and CD8* T
cell-mediated immune responses. Additional studies have
shown that yeast are avidly phagocytosed by and directly
activate dendritic cells which then present yeast-associated
proteins to CD4* and CD8" T cells in a highly efficient
manner. See, e.g., Stubbs et al. Nature Med. 5:625-629 (2001)
and U.S. Pat. No. 7,083,787.

In any of the yeast-based immunotherapy compositions
used in the present invention, the following aspects related to
the yeast vehicle are included in the invention. According to
the present invention, a yeast vehicle is any yeast cell (e.g., a
whole or intact cell) or a derivative thereof (see below) that
can be used in conjunction with one or more antigens, immu-
nogenic domains thereof or epitopes thereof in a therapeutic
composition of the invention, or in one aspect, the yeast
vehicle can be used alone or as an adjuvant. The yeast vehicle
can therefore include, but is not limited to, a live intact
(whole) yeast microorganism (i.e., a yeast cell having all its
components including a cell wall), a killed (dead) or inacti-
vated intact yeast microorganism, or derivatives of intact
yeast including: a yeast spheroplast (i.e., a yeast cell lacking
a cell wall), a yeast cytoplast (i.e., a yeast cell lacking a cell
wall and nucleus), a yeast ghost (i.e., a yeast cell lacking a cell
wall, nucleus and cytoplasm), a subcellular yeast membrane
extract or fraction thereof (also referred to as a yeast mem-
brane particle and previously as a subcellular yeast particle),
any other yeast particle, or a yeast cell wall preparation.

Yeast spheroplasts are typically produced by enzymatic
digestion of the yeast cell wall. Such a method is described,
for example, in Franzusoff et al., 1991, Meth. Enzymol. 194,
662-674., incorporated herein by reference in its entirety.
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Yeast cytoplasts are typically produced by enucleation of
yeast cells. Such a method is described, for example, in Coon,
1978, Natl. Cancer Inst. Monogr. 48, 45-55 incorporated
herein by reference in its entirety.

Yeast ghosts are typically produced by resealing a perme-
abilized or lysed cell and can, but need not, contain at least
some of the organelles of that cell. Such a method is
described, for example, in Franzusoff et al., 1983, J. Biol.
Chem. 258, 3608-3614 and Bussey et al., 1979, Biochim.
Biophys. Acta 553, 185-196, each of which is incorporated
herein by reference in its entirety.

A yeast membrane particle (subcellular yeast membrane
extract or fraction thereof) refers to a yeast membrane that
lacks a natural nucleus or cytoplasm. The particle can be of
any size, including sizes ranging from the size of a natural
yeast membrane to microparticles produced by sonication or
other membrane disruption methods known to those skilled in
the art, followed by resealing. A method for producing sub-
cellular yeast membrane extracts is described, for example, in
Franzusoff et al., 1991, Meth. Enzymol. 194, 662-674. One
may also use fractions of yeast membrane particles that con-
tain yeast membrane portions and, when the antigen or other
protein was expressed recombinantly by the yeast prior to
preparation of the yeast membrane particles, the antigen or
other protein of interest. Antigens or other proteins of interest
can be carried inside the membrane, on either surface of the
membrane, or combinations thereof (i.e., the protein can be
both inside and outside the membrane and/or spanning the
membrane of the yeast membrane particle). In one embodi-
ment, a yeast membrane particle is a recombinant yeast mem-
brane particle that can be an intact, disrupted, or disrupted and
resealed yeast membrane that includes at least one desired
antigen or other protein of interest on the surface of the
membrane or at least partially embedded within the mem-
brane.

An example of a yeast cell wall preparation is a preparation
of'isolated yeast cell walls carrying an antigen on its surface
or at least partially embedded within the cell wall such that the
yeast cell wall preparation, when administered to an animal,
stimulates a desired immune response against a disease tar-
get.

Any yeast strain can be used to produce a yeast vehicle of
the present invention. Yeast are unicellular microorganisms
that belong to one of three classes: Ascomycetes, Basidi-
omycetes and Fungi Imperfecti. One consideration for the
selection of a type of yeast for use as an immune modulator is
the pathogenicity of the yeast. In one embodiment, the yeast
is a non-pathogenic strain such as Saccharomyces cerevisiae.
The selection of a non-pathogenic yeast strain minimizes any
adverse effects to the individual to whom the yeast vehicle is
administered. However, pathogenic yeast may be used if the
pathogenicity of the yeast can be negated by any means
known to one of skill in the art (e.g., mutant strains). In
accordance with one aspect of the present invention, non-
pathogenic yeast strains are used.

Genera of yeast strains that may be used in the invention
include but are not limited to Saccharomyces, Candida
(which can be pathogenic), Cryptococcus, Hansenula,
Kluyveromyces, Pichia, Rhodotorula, Schizosaccharomyces
and Yarrowia. In one aspect, yeast genera are selected from
Saccharomyces, Candida, Hansenula, Pichia or Schizosac-
charomyces, and in one aspect, Saccharomyces is used. Spe-
cies of yeast strains that may be used in the invention include
but are not limited to Saccharomyces cerevisiae, Saccharo-
myces carlsbergensis, Candida albicans, Candida kefyr,
Candida tropicalis, Cryptococcus laurentii, Cryptococcus
neoformans, Hansenula anomala, Hansenula polymorpha,
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Kluyveromyces fragilis, Kluyveromyces lactis, Kluyveromy-
ces marxianus var. lactis, Pichia pastoris, Rhodotorula
rubra, Schizosaccharomyces pombe, and Yarrowia lipolytica.
It is to be appreciated that a number of these species include
avariety of subspecies, types, subtypes, etc. that are intended
to be included within the aforementioned species. In one
aspect, yeast species used in the invention include S. cerevi-
siae, C. albicans, H. polymorpha, P. pastoris and S. pombe. S.
cerevisiae is useful as it is relatively easy to manipulate and
being “Generally Recognized As Safe” or “GRAS” for use as
food additives (GRAS, FDA proposed Rule 62FR18938, Apr.
17,1997). One embodiment of the present invention is a yeast
strain that is capable of replicating plasmids to a particularly
high copy number, such as a S. cerevisiae cir® strain. The S.
cerevisiae strain is one such strain that is capable of support-
ing expression vectors that allow one or more target anti-
gen(s) and/or antigen fusion protein(s) and/or other proteins
to be expressed at high levels. In addition, any mutant yeast
strains can be used in the present invention, including those
that exhibit reduced post-translational modifications of
expressed target antigens or other proteins, such as mutations
in the enzymes that extend N-linked glycosylation.

In one embodiment, a yeast vehicle of the present invention
is capable of fusing with the cell type to which the yeast
vehicle and antigen/agent is being delivered, such as a den-
dritic cell or macrophage, thereby effecting particularly effi-
cient delivery of the yeast vehicle, and in many embodiments,
the antigen(s) or other agent, to the cell type. As used herein,
fusion of a yeast vehicle with a targeted cell type refers to the
ability of the yeast cell membrane, or particle thereof, to fuse
with the membrane of the targeted cell type (e.g., dendritic
cell or macrophage), leading to syncytia formation. As used
herein, a syncytium is a multinucleate mass of protoplasm
produced by the merging of cells. A number of viral surface
proteins (including those of immunodeficiency viruses such
as HIV, influenza virus, poliovirus and adenovirus) and other
fusogens (such as those involved in fusions between eggs and
sperm) have been shown to be able to effect fusion between
two membranes (i.e., between viral and mammalian cell
membranes or between mammalian cell membranes). It is
noted, however, that incorporation of a targeting moiety into
the yeast vehicle, while it may be desirable under some cir-
cumstances, is not necessary. In the case of yeast vehicles that
express antigens extracellularly, this can be a further advan-
tage of the yeast vehicles of the present invention. In general,
yeast vehicles useful in the present invention are readily taken
up by dendritic cells (as well as other cells, such as macroph-
ages).

In most embodiments of the invention, the yeast-based
immunotherapy composition includes at least one antigen,
immunogenic domain thereof, or epitope thereof. The anti-
gens contemplated for use in this invention include any Ad-36
antigen or immunogenic domain thereof, including mutants,
variants and agonists of Ad-36 proteins or domains thereof,
against which it is desired to elicit an immune response for the
purpose of prophylactically or therapeutically immunizing a
host against Ad-36 infection.

As discussed above, the compositions of the invention
include at least one Ad-36 antigen and/or at least one immu-
nogenic domain of at least one Ad-36 antigen for immunizing
a subject. In some embodiments, the antigen is a fusion pro-
tein, several examples of which have been described above.

Optionally, proteins, including fusion proteins, which are
used as a component of the yeast-based immunotherapeutic
composition of the invention are produced using constructs
that are particularly useful for improving the expression of
heterologous antigens in yeast. Typically, the desired anti-
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genic protein(s) or peptide(s) are fused at their amino-termi-
nal end to: (a) a specific synthetic peptide that stabilizes the
expression of the fusion protein in the yeast vehicle or pre-
vents posttranslational modification of the expressed fusion
protein (such peptides are described in detail, for example, in
U.S. Patent Publication No. 2004-0156858 Al, published
Aug. 12, 2004, incorporated herein by reference in its
entirety); (b) at least a portion of an endogenous yeast protein,
wherein either fusion partner provides improved stability of
expression of the protein in the yeast and/or a prevents post-
translational modification of the proteins by the yeast cells
(such proteins are also described in detail, for example, in
U.S. Patent Publication No. 2004-0156858 A1, supra); and/or
(c) at least a portion of a yeast protein that causes the fusion
protein to be expressed on the surface of the yeast (e.g., an
Aga protein, described in more detail herein). In addition, the
present invention optionally includes the use of peptides that
are fused to the C-terminus of the antigen-encoding construct,
particularly for use in the selection and identification of the
protein. Such peptides include, but are not limited to, any
synthetic or natural peptide, such as a peptide tag (e.g., 6xHis)
or any other short epitope tag. Peptides attached to the C-ter-
minus of an antigen according to the invention can be used
with or without the addition of the N-terminal peptides dis-
cussed above.

In one embodiment, a synthetic peptide useful in a fusion
protein is linked to the N-terminus of the antigen, the peptide
consisting of at least two amino acid positions that are heter-
ologous to the antigen, wherein the peptide stabilizes the
expression of the fusion protein in the yeast vehicle or pre-
vents posttranslational modification of the expressed fusion
protein. The synthetic peptide and N-terminal portion of the
antigen together form a fusion protein that has the following
requirements: (1) the amino acid residue at position one of the
fusion protein is a methionine (i.e., the first amino acid in the
synthetic peptide is a methionine); (2) the amino acid residue
at position two of the fusion protein is not a glycine or a
proline (i.e., the second amino acid in the synthetic peptide is
not a glycine or a proline); (3) none of the amino acid posi-
tions at positions 2-6 of the fusion protein is a methionine
(i.e., the amino acids at positions 2-6, whether part of the
synthetic peptide or the protein, if the synthetic peptide is
shorter than 6 amino acids, do not include a methionine); and
(4) none of the amino acids at positions 2-6 of the fusion
protein is a lysine or an arginine (i.e., the amino acids at
positions 2-6, whether part of the synthetic peptide or the
protein, if the synthetic peptide is shorter than 5 amino acids,
do not include a lysine or an arginine) The synthetic peptide
can be as short as two amino acids, but in one aspect, is 2-6
amino acids (including 3, 4, 5 amino acids), and can be longer
than 6 amino acids, in whole integers, up to about 200 amino
acids, 300 amino acids, 400 amino acids, 500 amino acids, or
more.

In one embodiment, a fusion protein comprises an amino
acid sequence of M-X2-X3-X4-X5-X6, wherein M is
methionine; wherein X2 is any amino acid except glycine,
proline, lysine or arginine; wherein X3 is any amino acid
except methionine, lysine or arginine; wherein X4 is any
amino acid except methionine, lysine or arginine; wherein X5
is any amino acid except methionine, lysine or arginine; and
wherein X6 is any amino acid except methionine, lysine or
arginine. In one embodiment, the X6 residue is a proline. An
exemplary synthetic sequence that enhances the stability of
expression of an antigen in a yeast cell and/or prevents post-
translational modification of the protein in the yeast includes
the sequence M-A-D-E-A-P (e.g., SEQ ID NO:58). Another
exemplary synthetic sequence with the same properties is
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M-V. In addition to the enhanced stability of the expression
product, this fusion partner does not appear to negatively
impact the immune response against the immunizing antigen
in the construct. In addition, the synthetic fusion peptides can
be designed to provide an epitope that can be recognized by a
selection agent, such as an antibody.

In one aspect of the invention, the yeast vehicle is manipu-
lated such that the antigen is expressed or provided by deliv-
ery or translocation of an expressed protein product, partially
or wholly, on the surface of the yeast vehicle (extracellular
expression). One method for accomplishing this aspect of the
invention is to use a spacer arm for positioning one or more
protein(s) on the surface of the yeast vehicle. For example,
one can use a spacer arm to create a fusion protein of the
antigen(s) or other protein of interest with a protein that
targets the antigen(s) or other protein of interest to the yeast
cell wall. For example, one such protein that can be used to
target other proteins is a yeast protein (e.g., cell wall protein
2 (cwp2), Aga2, Pir4 or Flol protein) that enables the anti-
gen(s) or other protein to be targeted to the yeast cell wall such
that the antigen or other protein is located on the surface of the
yeast. Proteins other than yeast proteins may be used for the
spacer arm; however, for any spacer arm protein, it is most
desirable to have the immunogenic response be directed
against the target antigen rather than the spacer arm protein.
As such, if other proteins are used for the spacer arm, then the
spacer arm protein that is used should not generate such a
large immune response to the spacer arm protein itself such
that the immune response to the target antigen(s) is over-
whelmed. One of skill in the art should aim for a small
immune response to the spacer arm protein relative to the
immune response for the target antigen(s). Spacer arms can
be constructed to have cleavage sites (e.g., protease cleavage
sites) that allow the antigen to be readily removed or pro-
cessed away from the yeast, if desired. Any known method of
determining the magnitude of immune responses can be used
(e.g., antibody production, lytic assays, etc.) and are readily
known to one of skill in the art.

Another method for positioning the target antigen(s) or
other proteins to be exposed on the yeast surface is to use
signal sequences such as glycosylphosphatidyl inositol (GPI)
to anchor the target to the yeast cell wall. Alternatively, posi-
tioning can be accomplished by appending signal sequences
that target the antigen(s) or other proteins of interest into the
secretory pathway via translocation into the endoplasmic
reticulum (ER) such that the antigen binds to a protein which
is bound to the cell wall (e.g., cwp).

In one aspect, the spacer arm protein is a yeast protein. The
yeast protein can consist of between about two and about 800
amino acids of a yeast protein. In one embodiment, the yeast
protein is about 10 to 700 amino acids. In another embodi-
ment, the yeast protein is about 40 to 600 amino acids. Other
embodiments of the invention include the yeast protein being
at least 250 amino acids, at least 300 amino acids, at least 350
amino acids, at least 400 amino acids, at least 450 amino
acids, at least 500 amino acids, at least 550 amino acids, at
least 600 amino acids, or at least 650 amino acids. In one
embodiment, the yeast protein is at least 450 amino acids in
length. Another consideration for optimizing antigen surface
expression, if that is desired, is whether the antigen and spacer
arm combination should be expressed as a monomer or as
dimer or as a trimer, or even more units connected together.
This use of monomers, dimers, trimers, etc. allows for appro-
priate spacing or folding of the antigen such that some part, if
not all, of the antigen is displayed on the surface of the yeast
vehicle in a manner that makes it more immunogenic.
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Use of yeast proteins can stabilize the expression of fusion
proteins in the yeast vehicle, prevents posttranslational modi-
fication of the expressed fusion protein, and/or targets the
fusion protein to a particular compartment in the yeast (e.g.,
to be expressed on the yeast cell surface). For delivery into the
yeast secretory pathway, exemplary yeast proteins to use
include, but are not limited to: Aga (including, but not limited
to, Agal and/or Aga2); SUC2 (yeast invertase); alpha factor
signal leader sequence; CPY; Cwp2p for its localization and
retention in the cell wall; BUD genes for localization at the
yeast cell bud during the initial phase of daughter cell forma-
tion; Flo1p; Pir2p; and Pirdp.

Other sequences can be used to target, retain and/or stabi-
lize the protein to other parts of the yeast vehicle, for example,
in the cytosol or the mitochondria or the endoplasmic reticu-
Ium or the nucleus. Examples of suitable yeast protein that
can be used for any of the embodiments above include, but are
not limited to, TK, AF, SECT; phosphoenolpyruvate carbox-
ykinase PCK1, phosphoglycerokinase PGK and triose phos-
phate isomerase TPI gene products for their repressible
expression in glucose and cytosolic localization; the heat
shock proteins SSA1, SSA3, SSA4, SSC1, whose expression
is induced and whose proteins are more thermostable upon
exposure of cells to heat treatment; the mitochondrial protein
CYC1 for import into mitochondria; ACT1.

In one embodiment, the Ad-36 antigen is linked at the
N-terminus to a yeast protein, such as an alpha factor prepro
sequence (also referred to as the alpha factor signal leader
sequence, the amino acid sequence of which is exemplified
herein by SEQID NO:56 or SEQ ID NO:57. Other sequences
for yeast alpha factor prepro sequence are known in the art
and are encompassed for use in the present invention. Without
being bound by theory, the inventors believe that one advan-
tage of utilizing alpha factor prepro sequence in a yeast-based
fusion protein is the minimization of proteolysis of the pro-
tein, since the protein is sequestered away from cytosolic
proteasomes.

Methods of producing yeast vehicles and expressing, com-
bining and/or associating yeast vehicles with antigens and/or
other proteins and/or agents of interest to produce yeast-
based immunotherapy compositions are contemplated by the
invention.

According to the present invention, the term “yeast
vehicle-antigen complex” or “yeast-antigen complex” is used
generically to describe any association of a yeast vehicle with
an antigen, and can be used interchangeably with “yeast-
based immunotherapy composition” when such composition
is used to elicit an immune response as described above. Such
association includes expression of the antigen by the yeast (a
recombinant yeast), introduction of an antigen into a yeast,
physical attachment of the antigen to the yeast, and mixing of
the yeast and antigen together, such as in a buffer or other
solution or formulation. These types of complexes are
described in detail below.

In one embodiment, a yeast cell used to prepare the yeast
vehicle is transfected with a heterologous nucleic acid mol-
ecule encoding a protein (e.g., the antigen) such that the
protein is expressed by the yeast cell. Such a yeast is also
referred to herein as a recombinant yeast or a recombinant
yeast vehicle. The yeast cell can then be loaded into the
dendritic cell as an intact cell, or the yeast cell can be killed,
or it can be derivatized such as by formation of yeast sphero-
plasts, cytoplasts, ghosts, or subcellular particles, any of
which is followed by loading of the derivative into the den-
dritic cell. Yeast spheroplasts can also be directly transfected
with a recombinant nucleic acid molecule (e.g., the sphero-
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plast is produced from a whole yeast, and then transfected) in
order to produce a recombinant spheroplast that expresses an
antigen or other protein.

In one aspect, a yeast cell or yeast spheroplast used to
prepare the yeast vehicle is transfected with a recombinant
nucleic acid molecule encoding the antigen(s) or other pro-
tein such that the antigen or other protein is recombinantly
expressed by the yeast cell or yeast spheroplast. In this aspect,
the yeast cell or yeast spheroplast that recombinantly
expresses the antigen(s) or other protein is used to produce a
yeast vehicle comprising a yeast cytoplast, a yeast ghost, or a
yeast membrane particle or yeast cell wall particle, or fraction
thereof.

In general, the yeast vehicle and antigen(s) and/or other
agents can be associated by any technique described herein.
In one aspect, the yeast vehicle was loaded intracellularly
with the antigen(s) and/or agent(s). In another aspect, the
antigen(s) and/or agent(s) was covalently or non-covalently
attached to the yeast vehicle. In yet another aspect, the yeast
vehicle and the antigen(s) and/or agent(s) were associated by
mixing. In another aspect, and in one embodiment, the anti-
gen(s) and/or agent(s) is expressed recombinantly by the
yeast vehicle or by the yeast cell or yeast spheroplast from
which the yeast vehicle was derived.

A number of antigens and/or other proteins to be produced
by a yeast vehicle of the present invention is any number of
antigens and/or other proteins that can be reasonably pro-
duced by a yeast vehicle, and typically ranges from at least
one to at least about 6 or more, including from about 2 to
about 6 heterologous antigens and or other proteins.

Expression of an antigen or other protein in a yeast vehicle
of the present invention is accomplished using techniques
known to those skilled in the art. Briefly, a nucleic acid
molecule encoding at least one desired antigen or other pro-
tein is inserted into an expression vector in such a manner that
the nucleic acid molecule is operatively linked to a transcrip-
tion control sequence in order to be capable of effecting either
constitutive or regulated expression of the nucleic acid mol-
ecule when transformed into a host yeast cell. Nucleic acid
molecules encoding one or more antigens and/or other pro-
teins can be on one or more expression vectors operatively
linked to one or more expression control sequences. Particu-
larly important expression control sequences are those which
control transcription initiation, such as promoter and
upstream activation sequences. Any suitable yeast promoter
can be used in the present invention and a variety of such
promoters are known to those skilled in the art. Promoters for
expression in Saccharomyces cerevisiae include, but are not
limited to, promoters of genes encoding the following yeast
proteins: alcohol dehydrogenase I (ADH1) or 11 (ADH2),
CUPI1, phosphoglycerate kinase (PGK), triose phosphate
isomerase (TPI), translational elongation factor EF-1 alpha
(TEF2), glyceraldehyde-3-phosphate  dehydrogenase
(GAPDH; also referred to as TDH3, for triose phosphate
dehydrogenase), galactokinase (GAL1), galactose-1-phos-
phate uridyl-transferase (GAL7), UDP-galactose epimerase
(GAL10), cytochrome c1 (CYC1), Sec7 protein (SECT) and
acid phosphatase (PHOS), including hybrid promoters such
as ADH2/GAPDH and CYC1/GAL10 promoters, and includ-
ing the ADH2/GAPDH promoter, which is induced when
glucose concentrations in the cell are low (e.g., about 0.1 to
about 0.2 percent), as well as the CUP1 promoter and the
TEF2 promoter. Likewise, a number of upstream activation
sequences (UASs), also referred to as enhancers, are known.
Upstream activation sequences for expression in Saccharo-
myces cerevisiae include, but are not limited to, the UASs of
genes encoding the following proteins: PCK1, TPI, TDH3,
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CYCIl, ADHI, ADH2, SUC2, GAL1, GAL7 and GALI10, as
well as other UASs activated by the GAL4 gene product, with
the ADH2 UAS being used in one aspect. Since the ADH2
UAS is activated by the ADR1 gene product, it may be pref-
erable to overexpress the ADR1 gene when a heterologous
gene is operatively linked to the ADH2 UAS. Transcription
termination sequences for expression in Saccharomyces cer-
evisiae include the termination sequences of the a-factor,
GAPDH, and CYC1 genes.

Transcription control sequences to express genes in meth-
yltrophic yeast include the transcription control regions of the
genes encoding alcohol oxidase and formate dehydrogenase.

Transfection of a nucleic acid molecule into a yeast cell
according to the present invention can be accomplished by
any method by which a nucleic acid molecule can be intro-
duced into the cell and includes, but is not limited to, diffu-
sion, active transport, bath sonication, electroporation,
microinjection, lipofection, adsorption, and protoplast
fusion. Transfected nucleic acid molecules can be integrated
into a yeast chromosome or maintained on extrachromosomal
vectors using techniques known to those skilled in the art.
Examples of yeast vehicles carrying such nucleic acid mol-
ecules are disclosed in detail herein. As discussed above,
yeast cytoplast, yeast ghost, and yeast membrane particles or
cell wall preparations can also be produced recombinantly by
transfecting intact yeast microorganisms or yeast sphero-
plasts with desired nucleic acid molecules, producing the
antigen therein, and then further manipulating the microor-
ganisms or spheroplasts using techniques known to those
skilled in the art to produce cytoplast, ghost or subcellular
yeast membrane extract or fractions thereof containing
desired antigens or other proteins.

Effective conditions for the production of recombinant
yeast vehicles and expression of the antigen and/or other
protein by the yeast vehicle include an effective medium in
which a yeast strain can be cultured. An effective medium is
typically an aqueous medium comprising assimilable carbo-
hydrate, nitrogen and phosphate sources, as well as appropri-
ate salts, minerals, metals and other nutrients, such as vita-
mins and growth factors. The medium may comprise complex
nutrients or may be a defined minimal medium. Yeast strains
of the present invention can be cultured in a variety of con-
tainers, including, but not limited to, bioreactors, Erlenmeyer
flasks, test tubes, microtiter dishes, and Petri plates. Culturing
is carried out at a temperature, pH and oxygen content appro-
priate for the yeast strain. Such culturing conditions are well
within the expertise of one of ordinary skill in the art (see, for
example, Guthrie etal. (eds.), 1991, Methods in Enzymology,
vol. 194, Academic Press, San Diego).

In some aspects of the invention, the yeast are grown under
neutral pH conditions, and particularly, in a media maintained
atapHlevel ofatleast 5.5, namely the pH of the culture media
is not allowed to drop below pH 5.5. In other aspects, the yeast
is grown at a pH level maintained at about 5.5. In other
aspects, the yeast is grown at a pH level maintained at about
5.6,5.7, 5.8 or 5.9. In another aspect, the yeast is grown at a
pH level maintained at about 6. In another aspect, the yeast is
grown at a pH level maintained at about 6.5. In other aspects,
the yeast is grown at a pH level maintained at about 6, 6.1, 6.2,
6.3,6.4,6.5,6.6,6.7,6.8,6.9 or 7.0. In other aspects, the yeast
is grown at a pH level maintained at about7,7.1,7.2,7.3,7.4,
7.5,7.6,7.7,78,7.9, or 8.0. The pH level is important in the
culturing of yeast. One of skill in the art will appreciate that
the culturing process includes not only the start of the yeast
culture but the maintenance of the culture as well. As yeast
culturing is known to turn acidic (i.e., lowering the pH) over
time, care must be taken to monitor the pH level during the
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culturing process. Yeast cell cultures whereby the pH level of
the medium drops below 6 are still contemplated within the
scope of the invention provided that the pH of the media is
brought up to at least 5.5 at some point during the culturing
process. As such, the longer time the yeast are grown in a
medium that is at least pH 5.5 or above, the better the results
will be in terms of obtaining yeast with desirable character-
istics.

As used herein, the general use of the term “neutral pH”
refers to a pH range between about pH 5.5 and about pH 8, and
in one aspect, between about pH 6 and about 8. One of skill
the art will appreciate that minor fluctuations (e.g., tenths or
hundredths) can occur when measuring with a pH meter. As
such, the use of neutral pH to grow yeast cells means that the
yeast cells are grown in neutral pH for the majority of the time
that they are in culture. The use of a neutral pH in culturing
yeast promotes several biological effects that are desirable
characteristics for using the yeast as vehicles for immuno-
modulation. In one aspect, culturing the yeast in neutral pH
allows for good growth of the yeast without any negative
effect on the cell generation time (e.g., slowing down the
doubling time). The yeast can continue to grow to high den-
sities without losing their cell wall pliability. In another
aspect, the use of a neutral pH allows for the production of
yeast with pliable cell walls and/or yeast that are sensitive to
cell wall digesting enzymes (e.g., glucanase) at all harvest
densities. This trait is desirable because yeast with flexible
cell walls can induce unusual immune responses, such as by
promoting the secretion of cytokines (e.g., interferon-y (IFN-
v)) in the cells hosting the yeast. In addition, greater accessi-
bility to the antigens located in the cell wall is afforded by
such culture methods. In another aspect, the use of neutral pH
for some antigens allows for release of the di-sulfide bonded
antigen by treatment with dithiothreitol (DTT) that is not
possible when such an antigen-expressing yeast is cultured in
media at lower pH (e.g., pH 5). Finally, in another aspect,
yeast cultured using the neutral pH methodologies, elicit
increased production of at least TH1-type cytokines includ-
ing, but not limited to, IFN-y, interleukin-12 (IL-12), and
IL-2, and may also elicit increased production of other cytok-
ines, such as proinflammatory cytokines (e.g., IL-6).

In one embodiment, control of the amount of yeast glyco-
sylation is used to control the expression of antigens by the
yeast, particularly on the surface. The amount of yeast gly-
cosylation can affect the immunogenicity and antigenicity of
the antigen expressed on the surface, since sugar moieties
tend to be bulky. As such, the existence of sugar moieties on
the surface of yeast and its impact on the three-dimensional
space around the target antigen(s) should be considered in the
modulation of yeast according to the invention. Any method
can be used to reduce the amount of glycosylation of the yeast
(or increase it, if desired). For example, one could use a yeast
mutant strain that has been selected to have low glycosylation
(e.g. mnnl, ochl and mnn9 mutants), or one could eliminate
by mutation the glycosylation acceptor sequences on the tar-
get antigen. Alternatively, one could use a yeast with abbre-
viated glycosylation patterns, e.g., Pickia. One can also treat
the yeast using methods that reduce or alter the glycosylation.

In one embodiment of the present invention, as an alterna-
tive to expression of an antigen or other protein recombi-
nantly in the yeast vehicle, a yeast vehicle is loaded intracel-
Iularly with the protein or peptide, or with carbohydrates or
other molecules that serve as an antigen and/or are useful as
immunomodulatory agents or biological response modifiers
according to the invention. Subsequently, the yeast vehicle,
which now contains the antigen and/or other proteins intrac-
ellularly, can be administered to an individual or loaded into
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a carrier such as a dendritic cell. Peptides and proteins can be
inserted directly into yeast vehicles of the present invention
by techniques known to those skilled in the art, such as by
diffusion, active transport, liposome fusion, electroporation,
phagocytosis, freeze-thaw cycles and bath sonication. Yeast
vehicles that can be directly loaded with peptides, proteins,
carbohydrates, or other molecules include intact yeast, as
well as spheroplasts, ghosts or cytoplasts, which can be
loaded with antigens and other agents after production. Alter-
natively, intact yeast can be loaded with the antigen and/or
agent, and then spheroplasts, ghosts, cytoplasts, or subcellu-
lar particles can be prepared therefrom. Any number of anti-
gens and/or other agents can be loaded into a yeast vehicle in
this embodiment, from at least 1, 2, 3, 4 or any whole integer
up to hundreds or thousands of antigens and/or other agents,
such as would be provided by the loading of a microorganism
or portions thereof, for example.

In another embodiment of the present invention, an antigen
and/or other agent is physically attached to the yeast vehicle.
Physical attachment of the antigen and/or other agent to the
yeast vehicle can be accomplished by any method suitable in
the art, including covalent and non-covalent association
methods which include, but are not limited to, chemically
crosslinking the antigen and/or other agent to the outer sur-
face of the yeast vehicle or biologically linking the antigen
and/or other agent to the outer surface of the yeast vehicle,
such as by using an antibody or other binding partner. Chemi-
cal cross-linking can be achieved, for example, by methods
including glutaraldehyde linkage, photoaffinity labeling,
treatment with carbodiimides, treatment with chemicals
capable of linking di-sulfide bonds, and treatment with other
cross-linking chemicals standard in the art. Alternatively, a
chemical can be contacted with the yeast vehicle that alters
the charge of the lipid bilayer of yeast membrane or the
composition of the cell wall so that the outer surface of the
yeast is more likely to fuse or bind to antigens and/or other
agent having particular charge characteristics. Targeting
agents such as antibodies, binding peptides, soluble recep-
tors, and other ligands may also be incorporated into an
antigen as a fusion protein or otherwise associated with an
antigen for binding of the antigen to the yeast vehicle.

When the antigen or other protein is expressed on or physi-
cally attached to the surface of the yeast, spacer arms may, in
one aspect, be carefully selected to optimize antigen or other
protein expression or content on the surface. The size of the
spacer arm(s) can affect how much of the antigen or other
protein is exposed for binding on the surface of the yeast.
Thus, depending on which antigen(s) or other protein(s) are
being used, one of skill in the art will select a spacer arm that
effectuates appropriate spacing for the antigen or other pro-
tein on the yeast surface. In one embodiment, the spacer arm
is a yeast protein of at least 450 amino acids. Spacer arms
have been discussed in detail above.

In yet another embodiment, the yeast vehicle and the anti-
gen or other protein are associated with each other by a more
passive, non-specific or non-covalent binding mechanism,
such as by gently mixing the yeast vehicle and the antigen or
other protein together in a buffer or other suitable formulation
(e.g., admixture).

In one embodiment of the invention, the yeast vehicle and
the antigen or other protein are both loaded intracellularly
into a carrier such as a dendritic cell or macrophage to form
the therapeutic composition or vaccine of the present inven-
tion. Alternatively, an antigen or other protein can be loaded
into a dendritic cell in the absence of the yeast vehicle.

In one embodiment, intact yeast (with or without expres-
sion of heterologous antigens or other proteins) can be ground
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up or processed in a manner to produce yeast cell wall prepa-
rations, yeast membrane particles or yeast fragments (i.e., not
intact) and the yeast fragments can, in some embodiments, be
provided with or administered with other compositions that
include antigens (e.g., DNA vaccines, protein subunit vac-
cines, killed or inactivated pathogens) to enhance immune
responses. For example, enzymatic treatment, chemical treat-
ment or physical force (e.g., mechanical shearing or sonica-
tion) can be used to break up the yeast into parts that are used
as an adjuvant.

In one embodiment of the invention, yeast vehicles useful
in the invention include yeast vehicles that have been killed or
inactivated. Killing or inactivating of yeast can be accom-
plished by any of a variety of suitable methods known in the
art. For example, heat inactivation of yeast is a standard way
of'inactivating yeast, and one of skill in the art can monitor the
structural changes of the target antigen, if desired, by standard
methods known in the art. Alternatively, other methods of
inactivating the yeast can be used, such as chemical, electri-
cal, radioactive or UV methods. See, for example, the meth-
odology disclosed in standard yeast culturing textbooks such
as Methods of Enzymology, Vol. 194, Cold Spring Harbor
Publishing (1990). Any of the inactivation strategies used
should take the secondary, tertiary or quaternary structure of
the target antigen into consideration and preserve such struc-
ture as to optimize its immunogenicity.

Yeast vehicles can be formulated into yeast-based immu-
notherapy compositions or products of the present invention,
including preparations to be administered to a subject directly
or first loaded into a carrier such as a dendritic cell, using a
number of techniques known to those skilled in the art. For
example, yeast vehicles can be dried by lyophilization. For-
mulations comprising yeast vehicles can also be prepared by
packing yeast in a cake or a tablet, such as is done for yeast
used in baking or brewing operations. In addition, yeast
vehicles can be mixed with a pharmaceutically acceptable
excipient, such as an isotonic buffer that is tolerated by a host
or host cell. Examples of such excipients include water,
saline, Ringer’s solution, dextrose solution, Hank’s solution,
and other aqueous physiologically balanced salt solutions.
Nonaqueous vehicles, such as fixed oils, sesame oil, ethyl
oleate, or triglycerides may also be used. Other useful formu-
lations include suspensions containing viscosity-enhancing
agents, such as sodium carboxymethylcellulose, sorbitol,
glycerol or dextran. Excipients can also contain minor
amounts of additives, such as substances that enhance isoto-
nicity and chemical stability. Examples of buffers include
phosphate buffer, bicarbonate buffer and Tris buffer, while
examples of preservatives include thimerosal, m- or o-cresol,
formalin and benzyl alcohol. Standard formulations can
either be liquid injectables or solids which can be taken up in
a suitable liquid as a suspension or solution for injection.
Thus, in a non-liquid formulation, the excipient can comprise,
for example, dextrose, human serum albumin, and/or preser-
vatives to which sterile water or saline can be added prior to
administration.

In one embodiment of the present invention, a composition
can include additional agents, which may also be referred to
as biological response modifier compounds, or the ability to
produce such agents/modifiers. For example, a yeast vehicle
can be transfected with or loaded with at least one antigen and
at least one agent/biological response modifier compound, or
a composition of the invention can be administered in con-
junction with at least one agent/biological response modifier.
Biological response modifiers include adjuvants and other
compounds that can modulate immune responses, which may
be referred to as immunomodulatory compounds, as well as
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compounds that modify the biological activity of another
compound or agent, such as a yeast-based immunotherapeu-
tic, such biological activity not being limited to immune
system effects. Certain immunomodulatory compounds can
stimulate a protective immune response whereas others can
suppress a harmful immune response, and whether an immu-
nomodulatory is useful in combination with a given yeast-
based immunotherapeutic may depend, at least in part, on the
disease state or condition to be treated or prevented, and/or on
the individual who is to be treated. Certain biological
response modifiers preferentially enhance a cell-mediated
immune response whereas others preferentially enhance a
humoral immune response (i.e., can stimulate an immune
response in which there is an increased level of cell-mediated
compared to humoral immunity, or vice versa.). Certain bio-
logical response modifiers have one or more properties in
common with the biological properties of yeast-based immu-
notherapeutics or enhance or complement the biological
properties of yeast-based immunotherapeutics. There are a
number of techniques known to those skilled in the art to
measure stimulation or suppression of immune responses, as
well as to differentiate cell-mediated immune responses from
humoral immune responses, and to differentiate one type of
cell-mediated response from another (e.g., a TH17 response
versus a TH1 response).

Agents/biological response modifiers useful in the inven-
tion may include, but are not limited to, cytokines, chemok-
ines, hormones, lipidic derivatives, peptides, proteins,
polysaccharides, small molecule drugs, antibodies and anti-
gen binding fragments thereof (including, but not limited to,
anti-cytokine antibodies, anti-cytokine receptor antibodies,
anti-chemokine antibodies), vitamins, polynucleotides,
nucleic acid binding moieties, aptamers, and growth modu-
lators. Some suitable agents include, but are not limited to,
IL-1 or agonists of IL-1 or of IL-1R, anti-IL.-1 or other IL.-1
antagonists; [L.-6 or agonists of IL.-6 or of IL-6R, anti-IL-6 or
other IL-6 antagonists; IL-12 or agonists of I[.-12 or of
IL-12R, anti-I[.-12 or other 11.-12 antagonists; IL.-17 or ago-
nists of IL.-17 or of IL.-17R, anti-I[.-17 or other IL.-17 antago-
nists; IL.-21 or agonists of IL.-21 or of IL-21R, anti-IL.-21 or
other IL.-21 antagonists; I1.-22 or agonists of 1[.-22 or of
1L-22R, anti-I[.-22 or other 1[.-22 antagonists; I[.-23 or ago-
nists of 1L.-23 or of IL.-23R, anti-I[.-23 or other IL.-23 antago-
nists; 1L.-25 or agonists of IL.-25 or of IL-25R, anti-IL-25 or
other IL.-25 antagonists; I1.-27 or agonists of IL.-27 or of
1L-27R, anti-I[.-27 or other I.-27 antagonists; type I inter-
feron (including IFN-a) or agonists or antagonists of type |
interferon or a receptor thereof; type Il interferon (including
IFN-y) or agonists or antagonists of type 1l interferon or a
receptor thereof; anti-CD40, CD40L, anti-CTLA-4 antibody
(e.g., to release anergic T cells); T cell co-stimulators (e.g.,
anti-CD137, anti-CD28, anti-CD40); alemtuzumab (e.g.,
CAMPATH®), denileukin diftitox (e.g., ONTAK®); anti-
CD4; anti-CD25; anti-PD-1, anti-PD-L1, anti-PD-1.2; agents
that block FOXP3 (e.g., to abrogate the activity/kill CD4*/
CD25* T regulatory cells); Flt3 ligand, imiquimod (AL-
DARA™), granulocyte-macrophage colony stimulating fac-
tor (GM-CSF); granulocyte-colony stimulating factor
(G-CSF), sargramostim (Leukine®); hormones including
without limitation prolactin and growth hormone; Toll-like
receptor (TLR) agonists, including but not limited to TLR-2
agonists, TLR-4 agonists, TLR-7 agonists, and TLR-9 ago-
nists; TLR antagonists, including but not limited to TLR-2
antagonists, TLR-4 antagonists, TLR-7 antagonists, and
TLR-9 antagonists; anti-inflammatory agents and immuno-
modulators, including but not limited to, COX-2 inhibitors
(e.g., Celecoxib, NSAIDS), glucocorticoids, statins, and tha-
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lidomide and analogues thereof including IMiD™s (which
are structural and functional analogues of thalidomide (e.g.,
REVLIMID® (lenalidomide), ACTIMID® (pomalido-
mide)); proinflammatory agents, such as fungal or bacterial
components or any proinflammatory cytokine or chemokine;
immunotherapeutic vaccines including, but not limited to,
virus-based vaccines, bacteria-based vaccines, or antibody-
based vaccines; and any other immunomodulators, immuno-
potentiators, anti-inflammatory agents, and/or pro-inflamma-
tory agents. Any combination of such agents is contemplated
by the invention, and any of such agents combined with or
administered in a protocol with (e.g., concurrently, sequen-
tially, or in other formats with) a yeast-based immunothera-
peutic is a composition encompassed by the invention. Such
agents are well known in the art. These agents may be used
alone or in combination with other agents described herein.

Agents can include agonists and antagonists of a given
protein or peptide or domain thereof. As used herein, an
“agonist” is any compound or agent, including without limi-
tation small molecules, proteins, peptides, antibodies, nucleic
acid binding agents, etc., that binds to a receptor or ligand and
produces or triggers a response, which may include agents
that mimic the action of a naturally occurring substance that
binds to the receptor or ligand. An “antagonist” is any com-
pound or agent, including without limitation small molecules,
proteins, peptides, antibodies, nucleic acid binding agents,
etc., thatblocks or inhibits or reduces the action of an agonist.

Compositions of the invention can further include or can be
administered with (concurrently, sequentially, or intermit-
tently with) any other compounds or compositions that are
useful for preventing or treating Ad-36 infection or any com-
pounds that treat or ameliorate any symptom of Ad-36 infec-
tion. In addition, compositions of the invention can be used
together with other immunotherapeutic compositions,
including prophylactic and/or therapeutic immunotherapy.

The invention also includes a kit comprising any of the
compositions described herein, or any of the individual com-
ponents of the compositions described herein. Kits may
include additional reagents and written instructions or direc-
tions for using any of the compositions of the invention to
prevent or treat Ad-36 infection and/or obesity or being over-
weight that is or may be associated with such an infection.
Methods for Administration or Use of Compositions of the
Invention

Compositions of the invention, which in one embodiment,
include yeast-based immunotherapeutic compositions
described above, as well as Ad-36 fusion proteins described
herein and recombinant nucleic acid molecules encoding
such Ad-36 fusion proteins, and other compositions compris-
ing such yeast-based compositions, fusion proteins, or
recombinant molecules described herein, can be used in a
variety of in vivo and in vitro methods, including, but not
limited to, methods and uses to treat and/or prevent Ad-36
infection and/or obesity, excess weight (e.g., being clinically
overweight), or abnormal adipose tissue hypertrophy associ-
ated with Ad-36 infection, other symptoms and conditions
associated with Ad-36 infection and/or excess weight or
abnormal adipose tissue hypertrophy, in diagnostic assays for
Ad-36, or to produce antibodies against Ad-36.

One embodiment of the invention relates to a method to
treat Ad-36 infection, and/or to prevent, ameliorate or treat at
least one symptom or sequela of chronic Ad-36 infection, in
an individual or population of individuals. In one aspect, the
invention relates to a method to reduce or prevent obesity,
excess weight, or abnormal adipose tissue hypertrophy that is
associated with Ad-36 infection, by reducing, halting, or pre-
venting, Ad-36 infection. The method includes the step of
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administering to an individual or a population of individuals
who are, may be, or may become, infected with Ad-36, an
immunotherapeutic composition of the invention. In one
aspect, the composition is an immunotherapeutic composi-
tion comprising one or more Ad-36 antigens (Ad-36 proteins
and/or immunogenic domains thereof), including any of the
Ad-36 antigens (including any fusion protein) as described
herein. In one aspect, the immunotherapeutic composition is
ayeast-based immunotherapeutic composition. In one aspect,
the composition includes a fusion protein comprising Ad-36
antigens as described herein, or recombinant nucleic acid
molecule encoding such antigens. In one embodiment, the
individual or population of individuals has Ad-36 infection (is
currently infected with Ad-36 or at least has evidence of being
infected). In one embodiment, the individual or population of
individuals is overweight or obese, and in another embodi-
ment, the individual or population of individuals is not over-
weight or is not obese. In one aspect, the individual or popu-
lation of individuals is additionally treated with at least one
other therapeutic compound or therapeutic protocol useful for
the treatment of Ad-36 infection, or useful for the treatment of
a condition associated with Ad-36 infection, including, but
not limited to, obesity, being overweight, abnormal adipose
tissue hypertrophy, type 1I diabetes, or symptoms of these
conditions. Suitable additional therapeutic compounds
include, but are not limited to, direct-acting antiviral drugs
and/or interferons and/or other immunotherapeutic or immu-
nomodulatory agents and/or insulin. Suitable additional
therapeutic protocols include, but are not limited to, the
administration of such agents, diet programs, and exercise
programs.

Another embodiment of the invention relates to a method
to immunize an individual or population of individuals
against Ad-36 in order to prevent Ad-36 infection, prevent
chronic Ad-36 infection, and/or reduce the severity of Ad-36
infection in the individual or population of individuals. The
method includes the step of administering to an individual or
population of individuals that is not infected with Ad-36 (or
believed not to be infected with Ad-36 or not known to be or
have been infected with Ad-36), a composition of the inven-
tion. In one aspect, the composition is an immunotherapeutic
composition comprising one or more Ad-36 antigens as
described herein, including a yeast-based immunotherapeutic
composition. In one aspect, the composition includes a fusion
protein comprising Ad-36 antigens as described herein, or
recombinant nucleic acid molecule encoding such fusion pro-
tein.

As used herein, the phrase “treat” Ad-36 infection, or any
permutation thereof (e.g., “treated for Ad-36 infection”, etc.)
generally refers to applying or administering a composition
of the invention once the infection (acute or chronic) has
occurred, with the goal of reduction or elimination of detect-
able viral titer, reaching seroconversion as measured by
development of antibodies against Ad-36 that are reflective of
an elimination of the virus, reduction in at least one symptom
resulting from the infection in the individual (e.g., reduction
in BMI, reduction in body weight, reduced rate of weight
gain, reduced adiposity, etc.), delaying or preventing the
onset and/or severity of symptoms and/or downstream
sequela caused by the infection, reduction of organ or physi-
ological system damage resulting from the infection,
improvement in organ or system function that was negatively
impacted by the infection, improvement of immune
responses against the virus, improvement of long term
memory immune responses against the virus, and/or
improved general health of the individual or population of
individuals. To “prevent” Ad-36 infection, or any permutation
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thereof (e.g., “prevention of Ad-36 infection”, etc.), generally
refers to applying or administering a composition of the
invention before an infection with Ad-36 has occurred, with
the goal of preventing infection by Ad-36, preventing chronic
infection by Ad-36 (i.e., enabling an individual to clear an
acute Ad-36 infection without further intervention), or at least
reducing the severity, and/or length of infection and/or the
physiological damage caused by the chronic infection, and/or
reducing the rate of weight gain, in an individual or popula-
tion of individuals should the infection later occur.

According to the present invention, body mass index, or
BMLI, is routinely used to determine a degree of weight excess
(e.g., being overweight) and obesity, although it is not a direct
measure of body fat. It is a measure of weight in relation to
height of an individual and can be calculated in English or
metric units. According to the Centers for Disease Control
and Prevention (CDC), an adult who has a body mass index
(BMI) between 25 and 29.9 is considered to be overweight.
An adult who has a BMI of 30 or higher is considered to be
obese. For children and teens, BMI ranges above a normal
weight have different labels and take into account normal
differences in body fat between boys and girls and differences
in body fat at various ages. Being “overweight” in children
and teens ages 2-19 years is defined as a BMI at or above the
85™ percentile and lower than the 95% percentile for children
of the same age and sex. Obesity in children and teens ages
2-19 is defined as a BMI at or above the 95% percentile for
children of the same age and sex. As used herein, the phrase
“excess weight” is generally used to refer to a weight that is
greater than that considered to be healthy for an individual of
a given age, gender, and/or height, which is typically at least
“overweight” as defined by the CDC or other public health
institution and as set forth herein. Accordingly, the reference
to “excess weight” can be used interchangeably with refer-
enceto “overweight” or “being overweight”. BMI calculators
for children and teens, as well as adults, are publicly available
through the Centers for Disease Control and Prevention, for
example, and can be used to determine BMI for a specific age,
height, gender and weight (for children and teens, for adults,
height and weight are considered), and advise the weight
percentile for the individual if child or teen, and further advise
whether the individual is considered to be potentially over-
weight or obese according to current standards for children,
teens and adults.

According to the invention, reference to “abnormal adi-
posetissue”, “hypertrophic adipose tissue” or “abnormal adi-
pose tissue hypertrophy”, refers to an increase in adipose
tissue (adiposity) or adipocyte growth that is abnormal and
typically presents as a benign lipoma or a deposit of adipose
tissue in an unusual anatomical location. Abnormal adipose
tissue is therefore distinguished from obesity, as an individual
may not be clinically obese, but may have areas of abnormal
adipose tissue or adipose tissue hypertrophy. Abnormal adi-
pose tissue is, for example, a condition associated with HIV
infection.

Preferably, the use of an immunotherapeutic composition
of the invention results in the prevention of obesity or excess
weight gain, in a reduction in weight gained or a reduced rate
of'weigh gain in individuals who are or become infected with
Ad-36, and/or in a reduction in the likelihood of becoming
obese or overweight, in an individual who is or becomes
infected with the virus but is not currently overweight or
obese. In an adult individual with a BMI of 30 or higher, or in
achild or teen aged 2-19 years with a BMI at or above the 95
percentile for children/teens of the same age and sex, in one
aspect of the invention, the use of an immunotherapeutic
composition of the invention results in a reduction of BMI in
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the individual to less than 30 for such adults, or less than the
95" percentile for such children or teens. In an adult indi-
vidual with a BMI of between 25 and 29.9, orin a child or teen
aged 2-19 years with a BMI at or above the 85 percentile for
children/teens of the same age and sex, in one aspect of the
invention, the use of an immunotherapeutic composition of
the invention results in a reduction of BMI to below 25 for
such adults, and to less than the 857 percentile for such
children or teen.

The efficacy, or effectiveness, of an immunotherapeutic
composition of the invention can also be defined as a statis-
tically significant change, or statistical trend, toward patient
benefit in any one or more measurable or detectable param-
eter associated with Ad-36 infection or conditions linked to
such infection, in an individual receiving the immunothera-
peutic composition, as compared to a control value for the
parameter being evaluated. In one aspect of the invention, a
clinically relevant change can be measured as a percentage
change toward patient benefit as compared to a prior evalua-
tion, and can be 1%, 2%, 3%, 4%, 5%, 6%, 7%, 8%, 9%, 10%,
or greater. Benefit can also be measured as a change in the
slope of a curve over time as compared to a control (e.g., a
change in the slope of body weight or the rate of weight gain
plotted over time before, during and after treatment).

Parameters to be evaluated for determination of effective-
ness of a composition or method of the invention include, but
are not limited to, viral load, viral clearance, adipose tissue
hypertrophy, body weight, BMI, rate of weight gain, total
body fat, serum cholesterol, triglycerides, blood pressure,
glucose tolerance, insulin sensitivity, and immune responses,
including Ad-36-specific T cell responses and neutralizing
antibody responses. The control value can be selected from
any suitable control value, including, but not limited to, one or
more prior measurements of the parameter in the same indi-
vidual; ameasurement of the parameter as an average or mean
in a population of individuals meeting similar criteria for
gender, age, weight, and or other clinical status; or a reference
value provided in the form of stored information regarding a
previously determined baseline level for the given parameter.
Such a form of stored information can include, for example,
but is not limited to, a reference chart, listing or electronic file
of'population or individual data regarding “healthy” individu-
als (negative control), or obese or overweight individuals or
individuals infected with Ad-36 that have not been cured or
treated (positive control); a medical chart for the individual
recording data from previous evaluations; or any other source
of data regarding baseline levels that are useful for the evalu-
ation of the efficacy of the treatment.

According to the invention, a “baseline level” is a control
level, and in some embodiments (but not all embodiments,
depending on the method), a normal level, of a given clinical
endpoint or parameter against which a test level of the given
clinical endpoint or parameter can be compared. The term
“negative control” used in reference to a baseline level of such
a clinical endpoint or parameter typically refers to a baseline
level established in a sample from the patient or from a
population of individuals that is believed to be normal (i.e.,
not infected with Ad-36, not overweight, not obese, not being
abnormal with respect to the endpoint being tested). In one
embodiment, a baseline level or control can be established
from an individual at the onset of therapeutic or preventative
treatment so that the status of the individual can be monitored
over time and/or so that the efficacy of a given therapeutic or
prophylactic protocol can be evaluated over time (continu-
ously or intermittently). A “positive control” can include any
control that confirms the positive detection of the parameter
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or clinical endpoint that is associated with Ad-36 infection
and/or obesity or excess weight, or other associated endpoint.

Methods for detection of Ad-36 virus are known in the art
and are described, for example, in WO 2007/120362, WO
2010 011440, WO 2007/064836, and WO 98/44946. The
presence of viral DNA can be determined by conventional
methods including, but not limited to, DNA sequencing, oli-
gonucleotide hybridization, or PCR amplification. Detection
of Ad-36 antibodies or proteins that bind to Ad-36 antibodies
have also been described and such methods are encompassed
by the invention. Binding can be measured using a variety of
methods standard in the art, including, but not limited to:
Western blot, immunoblot, enzyme-linked immunosorbant
assay (ELISA), radioimmunoassay (RIA), immunoprecipita-
tion, surface plasmon resonance, chemiluminescence, fluo-
rescent polarization, phosphorescence, immunohistochemi-
cal analysis, matrix-assisted laser desorption/ionization time-
of-flight MALDI-TOF) mass spectrometry, microcytometry,
microarray, microscopy, fluorescence activated cell sorting
(FACS), and flow cytometry.

The present invention includes the delivery (administra-
tion, immunization) of an immunotherapeutic composition of
the invention, including a yeast-based immunotherapy com-
position, to a subject. The administration process can be
performed ex vivo or in vivo, but is typically performed in
vivo. Ex vivo administration refers to performing part of the
regulatory step outside of the patient, such as administering a
composition of the present invention to a population of cells
(dendritic cells) removed from a patient under conditions
such that a yeast vehicle, antigen(s) and any other agents or
compositions are loaded into the cell, and returning the cells
to the patient. The therapeutic composition of the present
invention can be returned to a patient, or administered to a
patient, by any suitable mode of administration.

Administration of a composition can be systemic, mucosal
and/or proximal to the location of the target site (e.g., near a
site of infection or target tissue, such as adipose tissue).
Suitable routes of administration will be apparent to those of
skill in the art, depending on the type of condition to be
prevented or treated, the antigen used, and/or the target cell
population or tissue. Various acceptable methods of admin-
istration include, but are not limited to, intravenous adminis-
tration, intraperitoneal administration, intramuscular admin-
istration, intranodal administration, intracoronary
administration, intraarterial administration (e.g., into a
carotid artery), subcutaneous administration, transdermal
delivery, intratracheal administration, intraarticular adminis-
tration, intraventricular administration, inhalation (e.g., aero-
sol), intracranial, intraspinal, intraocular, aural, intranasal,
oral, pulmonary administration, impregnation of a catheter,
and direct injection into a tissue. In one aspect, routes of
administration include: intravenous, intraperitoneal, subcuta-
neous, intradermal, intranodal, intramuscular, transdermal,
inhaled, intranasal, oral, intraocular, intraarticular, intracra-
nial, and intraspinal. Parenteral delivery can include intrad-
ermal, intramuscular, intraperitoneal, intrapleural, intrapul-
monary, intravenous, subcutaneous, atrial catheter and venal
catheter routes. Aural delivery can include ear drops, intrana-
sal delivery can include nose drops or intranasal injection, and
intraocular delivery can include eye drops. Aerosol (inhala-
tion) delivery can also be performed using methods standard
in the art (see, for example, Stribling et al., Proc. Natl. Acad.
Sci. USA 189:11277-11281, 1992). Other routes of adminis-
tration that modulate mucosal immunity may be useful in the
treatment of viral infections. Such routes include bronchial,
intradermal, intramuscular, intranasal, other inhalatory, rec-
tal, subcutaneous, topical, transdermal, vaginal and urethral
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routes. In one aspect, an immunotherapeutic composition of
the invention is administered subcutaneously. In one aspect,
the immunotherapeutic composition is administered directly
to adipose tissue.

With respect to the yeast-based immunotherapy composi-
tions of the invention, in general, a suitable single dose is a
dose that is capable of effectively providing a yeast vehicle
and an antigen (if included) to a given cell type, tissue, or
region of the patient body in an amount effective to elicit an
antigen-specific immune response against one or more Ad-36
antigens or epitopes, when administered one or more times
over a suitable time period. For example, in one embodiment,
asingle dose of a yeast vehicle of the present invention is from
about 1x10° to about 5x107 yeast cell equivalents per kilo-
gram body weight of the organism being administered the
composition. In one aspect, a single dose of a yeast vehicle of
the present invention is from about 0.1 Y.U. (1x10° cells) to
about 100 Y.U. (1x10° cells) per dose (i.e., per organism),
including any interim dose, in increments of 0.1x10° cells
(ie., 1.1x10% 1.2x10°, 1.3x10° . . . ). In one embodiment,
doses include doses between 1 Y.U and 40 Y.U. or 80 Y.U. and
in one aspect, between 10 Y.U. and 40 Y.U. or 80 Y.U. In one
embodiment, the doses are administered at different sites on
the individual but during the same dosing period. For
example, a 40 Y.U. dose may be administered via by injecting
10Y.U. doses to four different sites on the individual during
one dosing period, or a 20Y.U. dose may be administered by
injecting 5 Y.U. doses to four different sites on the individual,
or by injecting 10 Y.U. doses to two different sites on the
individual, during the same dosing period. The invention
includes administration of an amount of the yeast-based
immunotherapy composition (e.g., 1,2,3,4,5,6,7,8,9 10,
11,12, 13, 14, 15, 16, 17,18, 19, 20 Y.U. or more) at 1, 2, 3,
4,5,6,7,8,9, 10, or more different sites on an individual to
form a single dose. One Yeast Unit (Y.U.)is 1x10” yeast cells.

“Boosters” or “boosts” of a therapeutic composition are
administered, for example, when the immune response
against the antigen has waned or as needed to provide an
immune response or induce a memory response against a
particular antigen or antigen(s). Boosters can be administered
from about 1, 2, 3, 4, 5, 6, 7, or 8 weeks apart, to monthly, to
bimonthly, to quarterly, to annually, to several years after the
original administration. In one embodiment, an administra-
tion schedule is one in which from about 1x10° to about
5x107 yeast cell equivalents of a composition per kg body
weight of the organism is administered at least 1, 2,3, 4, 5, 6,
7,8, 9, 10, or more times over a time period of from weeks, to
months, to years. In one embodiment, the doses are adminis-
tered weekly for 1, 2,3, 4, 5, 6, 7, 8, 9, 10 or more doses,
followed by monthly doses as needed to achieve the desired
inhibition or elimination of the Ad-36 virus.

In one aspect of the invention, one or more additional
therapeutic agents are administered sequentially with the
yeast-based immunotherapy composition (e.g., a direct-act-
ing antiviral, a nutraceutical composition, or the like). In
another embodiment, one or more additional therapeutic
agents are administered before the yeast-based immuno-
therapy composition is administered. In another embodiment,
one or more additional therapeutic agents are administered
after the yeast-based immunotherapy composition is admin-
istered. In one embodiment, one or more additional therapeu-
tic agents are administered in alternating doses with the yeast-
based immunotherapy composition, or in a protocol in which
the yeast-based composition is administered at prescribed
intervals in between or with one or more consecutive doses of
the additional agents, or vice versa. In one embodiment, the
yeast-based immunotherapy composition is administered in
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one or more doses over a period of time prior to commencing
the administration of the additional agents. In other words, the
yeast-based immunotherapeutic composition is administered
as a monotherapy for a period of time, and then the agent
administration is added, either concurrently with new doses
of yeast-based immunotherapy, or in an alternating fashion
with yeast-based immunotherapy. Alternatively, the agent
may be administered for a period of time prior to beginning
administration of the yeast-based immunotherapy composi-
tion. In one aspect, the yeast is engineered to express or carry
the agent, or a different yeast is engineered or produced to
express or carry the agent.

In the method of the present invention, compositions and
therapeutic compositions can be administered to animal,
including any vertebrate, and particularly to any member of
the Vertebrate class, Mammalia, including, without limita-
tion, primates, rodents, livestock and domestic pets. Live-
stock include mammals to be consumed or that produce use-
ful products (e.g., sheep for wool production). Mammals to
treat or protect include humans, dogs, cats, mice, rats, goats,
sheep, cattle, horses and pigs.

An “individual” is a vertebrate, such as a mammal, includ-
ing without limitation a human. Mammals include, but are not
limited to, farm animals, sport animals, pets, primates, mice
and rats. The term “individual” can be used interchangeably
with the term “animal”, “subject” or “patient”.

General Techniques Useful in the Invention

The practice of the present invention will employ, unless
otherwise indicated, conventional techniques of molecular
biology (including recombinant techniques), microbiology,
cell biology, biochemistry, nucleic acid chemistry, and immu-
nology, which are well known to those skilled in the art. Such
techniques are explained fully in the literature, such as, Meth-
ods of Enzymology, Vol. 194, Guthrie et al., eds., Cold Spring
Harbor Laboratory Press (1990); Biology and activities of
yeasts, Skinner, et al., eds., Academic Press (1980); Methods
in yeast genetics: a laboratory course manual, Rose et al.,
Cold Spring Harbor Laboratory Press (1990); The Yeast Sac-
charomyces: Cell Cycle and Cell Biology, Pringle et al., eds.,
Cold Spring Harbor Laboratory Press (1997); The Yeast Sac-
charomyces Gene Expression, Jones et al., eds., Cold Spring
Harbor Laboratory Press (1993); The Yeast Saccharomyces:
Genome Dynamics, Protein Synthesis, and FEnergetics,
Broach et al., eds., Cold Spring Harbor Laboratory Press
(1992); Molecular Cloning: A Laboratory Manual, second
edition (Sambrook et al., 1989) and Molecular Cloning: A
Laboratory Manual, third edition (Sambrook and Russel,
2001), (jointly referred to herein as “Sambrook™); Current
Protocols in Molecular Biology (F. M. Ausubel et al., eds.,
1987, including supplements through 2001); PCR: The Poly-
merase Chain Reaction, (Mullis et al., eds., 1994); Harlow
and Lane (1988), Antibodies, A Laboratory Manual, Cold
Spring Harbor Publications, New York; Harlow and Lane
(1999) Using Antibodies: A Laboratory Manual, Cold Spring
Harbor Laboratory Press, Cold Spring Harbor, N.Y. (jointly
referred to herein as “Harlow and Lane”), Beaucage et al.
eds., Current Protocols in Nucleic Acid Chemistry, John
Wiley & Sons, Inc., New York, 2000); Casarett and Doull’s
Toxicology The Basic Science of Poisons, C. Klaassen, ed.,
6th edition (2001), and Vaccines, S. Plotkin, W. Orenstein,
and P. Offit, eds., Fifth Edition (2008).

GENERAL DEFINITIONS

As used herein, the term “analog” refers to a chemical
compound that is structurally similar to another compound
but differs slightly in composition (as in the replacement of
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one atom by an atom of a different element or in the presence
of a particular functional group, or the replacement of one
functional group by another functional group). Thus, an ana-
log is a compound that is similar or comparable in function
and appearance, but has a different structure or origin with
respect to the reference compound.

The terms “substituted”, “substituted derivative” and
“derivative”, when used to describe a compound, means that
atleast one hydrogen bound to the unsubstituted compound is
replaced with a different atom or a chemical moiety.

Although a derivative has a similar physical structure to the
parent compound, the derivative may have different chemical
and/or biological properties than the parent compound. Such
properties can include, but are not limited to, increased or
decreased activity of the parent compound, new activity as
compared to the parent compound, enhanced or decreased
bioavailability, enhanced or decreased efficacy, enhanced or
decreased stability in vitro and/or in vivo, and/or enhanced or
decreased absorption properties.

In general, the term “biologically active” indicates that a
compound (including a protein or peptide) has at least one
detectable activity that has an effect on the metabolic or other
processes of a cell or organism, as measured or observed in
vivo (i.e., in a natural physiological environment) or in vitro
(i.e., under laboratory conditions).

According to the present invention, the term “modulate”
can be used interchangeably with “regulate” and refers gen-
erally to upregulation or downregulation of a particular activ-
ity. As used herein, the term “upregulate” can be used gener-
ally to describe any of: elicitation, initiation, increasing,
augmenting, boosting, improving, enhancing, amplifying,
promoting, or providing, with respect to a particular activity.
Similarly, the term “downregulate” can be used generally to
describe any of: decreasing, reducing, inhibiting, ameliorat-
ing, diminishing, lessening, blocking, or preventing, with
respect to a particular activity.

In one embodiment of the present invention, any of the
amino acid sequences described herein can be produced with
from at least one, and up to about 20, additional heterologous
amino acids flanking each ofthe C- and/or N-terminal ends of
the specified amino acid sequence. The resulting protein or
polypeptide can be referred to as “consisting essentially of”
the specified amino acid sequence. According to the present
invention, the heterologous amino acids are a sequence of
amino acids that are not naturally found (i.e., not found in
nature, in vivo) flanking the specified amino acid sequence, or
that are not related to the function of the specified amino acid
sequence, or that would not be encoded by the nucleotides
that flank the naturally occurring nucleic acid sequence
encoding the specified amino acid sequence as it occurs in the
gene, if such nucleotides in the naturally occurring sequence
were translated using standard codon usage for the organism
from which the given amino acid sequence is derived. Simi-
larly, the phrase “consisting essentially of”, when used with
reference to a nucleic acid sequence herein, refers to a nucleic
acid sequence encoding a specified amino acid sequence that
can be flanked by from at least one, and up to as many as about
60, additional heterologous nucleotides at each of the 5' and/
or the 3' end of the nucleic acid sequence encoding the speci-
fied amino acid sequence. The heterologous nucleotides are
not naturally found (i.e., not found in nature, in vivo) flanking
the nucleic acid sequence encoding the specified amino acid
sequence as it occurs in the natural gene or do not encode a
protein that imparts any additional function to the protein or
changes the function of the protein having the specified amino
acid sequence.
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According to the present invention, the phrase “selectively
binds to” refers to the ability of an antibody, antigen-binding
fragment or binding partner of the present invention to pref-
erentially bind to specified proteins. More specifically, the
phrase “selectively binds” refers to the specific binding of one
protein to another (e.g., an antibody, fragment thereof, or
binding partner to an antigen), wherein the level of binding, as
measured by any standard assay (e.g., an immunoassay), is
statistically significantly higher than the background control
for the assay. For example, when performing an immunoas-
say, controls typically include a reaction well/tube that con-
tain antibody or antigen binding fragment alone (i.e., in the
absence of antigen), wherein an amount of reactivity (e.g.,
non-specific binding to the well) by the antibody or antigen-
binding fragment thereof in the absence of the antigen is
considered to be background. Binding can be measured using
a variety of methods standard in the art including enzyme
immunoassays (e.g., ELISA, immunoblot assays, etc.).

Reference to a protein or polypeptide used in the present
invention includes full-length proteins, fusion proteins, or
any fragment, domain (structural, functional, or immuno-
genic), conformational epitope, or homologue of such pro-
teins. An isolated protein, according to the present invention,
is a protein (including a polypeptide or peptide) that has been
removed from its natural milieu (i.e., that has been subject to
human manipulation) and can include purified proteins, par-
tially purified proteins, recombinantly produced proteins, and
synthetically produced proteins, for example. As such, “iso-
lated” does not reflect the extent to which the protein has been
purified. Preferably, an isolated protein of the present inven-
tion is produced recombinantly. According to the present
invention, the terms “modification” and “mutation” can be
used interchangeably, particularly with regard to the modifi-
cations/mutations to the amino acid sequence of proteins or
portions thereof (or nucleic acid sequences) described herein.

As used herein, the term “homologue” is used to refer to a
protein or peptide which differs from a naturally occurring
protein or peptide (i.e., the “prototype” or “wild-type” pro-
tein) by minor modifications to the naturally occurring pro-
tein or peptide, but which maintains the basic protein and side
chain structure of the naturally occurring form. Such changes
include, but are not limited to: changes in one or a few amino
acid side chains; changes one or a few amino acids, including
deletions (e.g., a truncated version of the protein or peptide)
insertions and/or substitutions; changes in stereochemistry of
one or a few atoms; and/or minor derivatizations, including
but not limited to: methylation, glycosylation, phosphoryla-
tion, acetylation, myristoylation, prenylation, palmitation,
amidation and/or addition of glycosylphosphatidyl inositol.
A homologue can have either enhanced, decreased, or sub-
stantially similar properties as compared to the naturally
occurring protein or peptide. A homologue can include an
agonist of a protein or an antagonist of a protein. Homologues
can be produced using techniques known in the art for the
production of proteins including, but not limited to, direct
modifications to the isolated, naturally occurring protein,
direct protein synthesis, or modifications to the nucleic acid
sequence encoding the protein using, for example, classic or
recombinant DNA techniques to effect random or targeted
mutagenesis.

A homologue of a given protein may comprise, consist
essentially of; or consist of, an amino acid sequence that is at
least about 45%, or at least about 50%, or at least about 55%,
or at least about 60%, or at least about 65%, or at least about
70%, or at least about 75%, or at least about 80%, or at least
about 85%, or at least about 90%, or at least about 95%
identical, or at least about 95% identical, or at least about 96%



US 9,254,320 B2

47

identical, or at least about 97% identical, or at least about 98%
identical, or at least about 99% identical (or any percent
identity between 45% and 99%, in whole integer increments),
to the amino acid sequence of the reference protein. In one
embodiment, the homologue comprises, consists essentially
of, or consists of, an amino acid sequence that is less than
100% identical, less than about 99% identical, less than about
98% identical, less than about 97% identical, less than about
96% identical, less than about 95% identical, and so on, in
increments of 1%, to less than about 70% identical to the
naturally occurring amino acid sequence of the reference
protein.

As used herein, unless otherwise specified, reference to a
percent (%) identity refers to an evaluation of homology
which is performed using: (1) a BLAST 2.0 Basic BLAST
homology search using blastp for amino acid searches and
blastn for nucleic acid searches with standard default param-
eters, wherein the query sequence is filtered for low complex-
ity regions by default (described in Altschul, S. F., Madden, T.
L., Schaaffer, A. A., Zhang, J., Zhang, 7., Miller, W. & Lip-
man, D. J. (1997) “Gapped BLAST and PSI-BLAST: a new
generation of protein database search programs.” Nucleic
Acids Res. 25:3389-3402, incorporated herein by reference
in its entirety); (2) a BLAST 2 alignment (using the param-
eters described below); (3) and/or PSI-BLAST with the stan-
dard default parameters (Position-Specific Iterated BLAST. It
is noted that due to some differences in the standard param-
eters between BLAST 2.0 Basic BLAST and BLAST 2, two
specific sequences might be recognized as having significant
homology using the BLAST 2 program, whereas a search
performed in BLAST 2.0 Basic BLAST using one of the
sequences as the query sequence may not identify the second
sequence in the top matches. In addition, PSI-BLAST pro-
vides an automated, easy-to-use version of a “profile” search,
which is a sensitive way to look for sequence homologues.
The program first performs a gapped BLAST database
search. The PSI-BLAST program uses the information from
any significant alignments returned to construct a position-
specific score matrix, which replaces the query sequence for
the next round of database searching. Therefore, it is to be
understood that percent identity can be determined by using
any one of these programs.

Two specific sequences can be aligned to one another using
BLAST 2 sequence as described in Tatusova and Madden,
(1999), “Blast 2 sequences—a new tool for comparing pro-
tein and nucleotide sequences”, FEMS Microbiol Lett. 174:
247-250, incorporated herein by reference in its entirety.
BLAST 2 sequence alignment is performed in blastp or blastn
using the BLAST 2.0 algorithm to perform a Gapped BLAST
search (BLAST 2.0) between the two sequences allowing for
the introduction of gaps (deletions and insertions) in the
resulting alignment. For purposes of clarity herein, a BLAST
2 sequence alignment is performed using the standard default
parameters as follows.

For blastn, using 0 BLOSUMG62 matrix:

Reward for match=1

Penalty for mismatch=-2

Open gap (5) and extension gap (2) penalties

gap x_dropoft (50) expect (10) word size (11) filter (on)

For blastp, using 0 BLOSUMG62 matrix:

Open gap (11) and extension gap (1) penalties

gap x_dropoff (50) expect (10) word size (3) filter (on).

An isolated nucleic acid molecule is a nucleic acid mol-
ecule that has been removed from its natural milieu (i.e., that
has been subject to human manipulation), its natural milieu
being the genome or chromosome in which the nucleic acid
molecule is found in nature. As such, “isolated” does not
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necessarily reflect the extent to which the nucleic acid mol-
ecule has been purified, but indicates that the molecule does
not include an entire genome or an entire chromosome in
which the nucleic acid molecule is found in nature. An iso-
lated nucleic acid molecule can include a gene. An isolated
nucleic acid molecule that includes a gene is not a fragment of
achromosome that includes such gene, but rather includes the
coding region and regulatory regions associated with the
gene, but no additional genes that are naturally found on the
same chromosome. An isolated nucleic acid molecule may
also include portions of a gene. An isolated nucleic acid
molecule can also include a specified nucleic acid sequence
flanked by (i.e., at the 5' and/or the 3' end of the sequence)
additional nucleic acids that do not normally flank the speci-
fied nucleic acid sequence in nature (i.e., heterologous
sequences). [solated nucleic acid molecule can include DNA,
RNA (e.g., mRNA), or derivatives of either DNA or RNA
(e.g., cDNA). Although the phrase “nucleic acid molecule”
primarily refers to the physical nucleic acid molecule and the
phrase “nucleic acid sequence” primarily refers to the
sequence of nucleotides on the nucleic acid molecule, the two
phrases can be used interchangeably, especially with respect
to a nucleic acid molecule, or a nucleic acid sequence, being
capable of encoding a protein or domain of a protein.

A recombinant nucleic acid molecule is amolecule that can
include at least one of any nucleic acid sequence encoding
any one or more proteins described herein operatively linked
to at least one of any transcription control sequence capable of
effectively regulating expression of the nucleic acid mole-
cule(s) in the cell to be transfected. Although the phrase
“nucleic acid molecule” primarily refers to the physical
nucleic acid molecule and the phrase “nucleic acid sequence”
primarily refers to the sequence of nucleotides on the nucleic
acid molecule, the two phrases can be used interchangeably,
especially with respect to a nucleic acid molecule, or anucleic
acid sequence, being capable of encoding a protein. In addi-
tion, the phrase “recombinant molecule” primarily refers to a
nucleic acid molecule operatively linked to a transcription
control sequence, but can be used interchangeably with the
phrase “nucleic acid molecule” which is administered to an
animal.

A recombinant nucleic acid molecule includes a recombi-
nant vector, which is any nucleic acid sequence, typically a
heterologous sequence, which is operatively linked to the
isolated nucleic acid molecule encoding a fusion protein of
the present invention, which is capable of enabling recombi-
nant production of the fusion protein, and which is capable of
delivering the nucleic acid molecule into a host cell according
to the present invention. Such a vector can contain nucleic
acid sequences that are not naturally found adjacent to the
isolated nucleic acid molecules to be inserted into the vector.
The vector can be either RNA or DNA, either prokaryotic or
eukaryotic, and preferably in the present invention, is a virus
ora plasmid. Recombinant vectors can be used in the cloning,
sequencing, and/or otherwise manipulating of nucleic acid
molecules, and can be used in delivery of such molecules
(e.g., as in a DNA composition or a viral vector-based com-
position). Recombinant vectors are preferably used in the
expression of nucleic acid molecules, and can also be referred
to as expression vectors. Preferred recombinant vectors are
capable of being expressed in a transfected host cell.

Inarecombinant molecule ofthe present invention, nucleic
acid molecules are operatively linked to expression vectors
containing regulatory sequences such as transcription control
sequences, translation control sequences, origins of replica-
tion, and other regulatory sequences that are compatible with
the host cell and that control the expression of nucleic acid
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molecules of the present invention. In particular, recombinant
molecules of the present invention include nucleic acid mol-
ecules that are operatively linked to one or more expression
control sequences. The phrase “operatively linked” refers to
linking a nucleic acid molecule to an expression control
sequence in a manner such that the molecule is expressed
when transfected (i.e., transformed, transduced or trans-
fected) into a host cell.

According to the present invention, the term “transfection”
is used to refer to any method by which an exogenous nucleic
acid molecule (i.e., a recombinant nucleic acid molecule) can
be inserted into a cell. The term “transformation” can be used
interchangeably with the term “transfection” when such term
is used to refer to the introduction of nucleic acid molecules
into microbial cells, such as algae, bacteria and yeast. In
microbial systems, the term “transformation” is used to
describe an inherited change due to the acquisition of exog-
enous nucleic acids by the microorganism and is essentially
synonymous with the term “transfection.” Therefore, trans-
fection techniques include, but are not limited to, transforma-
tion, chemical treatment of cells, particle bombardment, elec-
troporation, microinjection, lipofection, adsorption, infection
and protoplast fusion.

The following experimental results are provided for pur-
poses of illustration and are not intended to limit the scope of
the invention.

EXAMPLES
Example 1

Yeast-Based Immunotherapeutic Design and
Production

The following example describes the design and produc-
tion of several different yeast-based immunotherapeutic com-
positions for the treatment or prevention of adenovirus-36
(Ad-36) infection.

In these experiments, yeast (e.g., Saccharomyces cerevi-
siae) were engineered to express various Ad-36 fusion pro-
teins under the control of the copper-inducible promoter,
CUPI, or the TEF2 promoter. Briefly, to produce each of the
yeast-based immunotherapeutics constructed in this
Example, DNA encoding the Ad-36 antigen as set forth for
each fusion protein below was prepared, codon optimized for
expression in yeast, and then digested with Spel and Notl and
inserted behind the CUP1 promoter (pGI-100) or the TEF2
promoter (pTK57-1), as indicated for each construct below, in
yeast 2 um expression vectors. The resulting plasmids were
introduced into Saccharomyces cerevisiae W303a. yeast by
Lithium acetate/polyethylene glycol transfection, and pri-
mary transfectants were selected on solid minimal plates
lacking Uracil (UDM; uridine dropout medium). Other yeast
strains, yeast species or yeast genera can be used in yeast-
based immunotherapeutics of the invention; Saccharomyces
cerevisiae W303a is an exemplary strain. Colonies were re-
streaked onto UDM or ULDM (uridine and leucine dropout
medium) and allowed to grow for 3 days at 30° C. Liquid
cultures lacking uridine (U2) or lacking uridine and leucine
(UL2) were inoculated from plates and starter cultures were
grown for 20 h at 30° C., 250 rpm. If desired, although not
used for these experiments, pH buffered media containing 4.2
g/L of Bis-Tris (BT-U2; BT-UL2) can be inoculated. Primary
cultures were used to inoculate final cultures of the same
formulation and growth is continued until a density or 1.1 to
4.0Y.U./mL is reached.
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For TEF2 strains (constitutive expression), cells were then
harvested, washed and heatkilled at 56° C. for 1 hin PBS. For
CUPI strains (inducible expression), expression was induced
in the same medium with 0.375 mM copper sulfate for 5 h at
30°C., 250 rpm. Cells were harvested, washed and heat killed
at 56° C. for 1 hin PBS.

After heat kill of TEF2 and CUP1 cultures, cells were
washed three times in PBS. Total protein expression was
measured by a TCA precipitation/nitrocellulose binding
assay and Ad-36 fusion protein expression was measured by
western blot using an anti-his tag monoclonal antibody (see
FIGS. 1 and 2). As described below, FIGS. 1 and 2 showed
that the yeast-based immunotherapy composition of the
invention expressed the Ad-36 fusion protein well using both
promoters, and using two different N-terminal sequences in
the fusion proteins (SEQ ID NO:56 or SEQ ID NO:58), and
were readily identified by Western blot.

Recipe for U2 liquid medium:

20 g/L. of glucose

6.7 g/ of Yeast nitrogen base containing ammonium sul-
fate

0.04 mg/mlL each of histidine, leucine, tryptophan, and
adenine
Recipe for UL2 liquid medium:

20 g/L. of glucose

6.7 g/ of Yeast nitrogen base containing ammonium sul-
fate

0.04 mg/ml. each of histidine, tryptophan, and adenine

Several different yeast-based immunotherapeutics
expressing Ad-36 fusion proteins were produced in this
experiment. One yeast-based immunotherapeutic, denoted in
FIG. 1 as “FIB”, was designed to express an Ad-36 fusion
protein as a single polypeptide comprising selected portions
of the Ad-36 fiber protein (the full Ad-36 fiber protein is
represented by SEQ ID NO:34), fused at its N-terminus to a
synthetic peptide represented by SEQ ID NO:58. Saccharo-
myces cerevisiae were engineered to express this protein
under the control of the TEF2 promoter. The fusion protein
has the following sequence elements fused in frame from N-
to C-terminus, represented by SEQ ID NO:42: (1) an N-ter-
minal peptide to impart resistance to proteasomal degradation
and stabilize expression (positions 1 to 6 of SEQ ID NO:42);
(2) positions 71-136 of Ad-36 fiber (positions 71-136 of SEQ
ID NO:34 or a corresponding sequence from another Ad-36
strain or isolate), corresponding to positions 7-72 of SEQ ID
NO:42; (3) positions 145-169 of Ad-36 fiber (positions 145-
169 of SEQ ID NO:34 or a corresponding sequence from
another Ad-36 strain or isolate), corresponding to positions
73-97 of SEQ ID NO:42; (4) positions 290-313 of Ad-36 fiber
(positions 290-313 of SEQ ID NO:34 or a corresponding
sequence from another Ad-36 strain or isolate), correspond-
ing to positions 98-194 of SEQ ID NO:42; (5) positions
334-363 of Ad-36 fiber (positions 334-363 of SEQ ID NO:34
or a corresponding sequence from another Ad-36 strain or
isolate), corresponding to positions 195-224 of SEQ ID
NO:42; and (6) a hexahistidine tag (positions 225-230 of SEQ
ID NO:42). The amino acid segments used in this fusion
protein can be modified by the use of additional amino acids
flanking either end of any domain. The nucleic acid sequence
encoding the fusion protein of SEQ ID NO:42 was codon
optimized for expression in yeast, and the yeast-based immu-
notherapeutic expressing this fusion protein was produced as
described above.

The expression of this Ad-36 fiber fusion protein in yeast is
shown in FIG. 1 (FIB). The estimated expression level of the
fusion protein was 1704 ng/Y.U.
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Another yeast-based immunotherapeutic, denoted in FIG.
2 as “aFL-Fib” was designed to express an Ad-36 fusion
protein as a single polypeptide comprising portions of the
Ad-36 fiber protein (the full Ad-36 fiber protein is represented
by SEQ ID NO:34) fused at its N-terminus to a yeast alpha
factor signal leader (SEQ ID NO:56). Saccharomyces cerevi-
siae were engineered to express this protein under the control
of'the CUP1 promoter. This fusion protein has the following
sequence elements fused in frame from N- to C-terminus,
represented by SEQ ID NO:48: (1) an N-terminal peptide to
impart resistance to proteasomal degradation and stabilize or
enhance expression (SEQ ID NO:56, or positions 1 to 89 of
SEQIDNO: 48); (2) atwo amino acid spacer/linker (Thr-Ser)
to facilitate cloning and manipulation of the sequences (posi-
tions 90 to 91 of SEQ ID NO:48); (3) positions 71-136 of
Ad-36 fiber (positions 71-136 of SEQ ID NO:34 or a corre-
sponding sequence from another Ad-36 strain or isolate),
corresponding to positions 92-157 of SEQ ID NO:48; (4)
positions 145-169 of Ad-36 fiber (positions 145-169 of SEQ
1D NO:34 or a corresponding sequence from another Ad-36
strain or isolate), corresponding to positions 158-182 of SEQ
1D NO:48; (5) positions 290-313 of Ad-36 fiber (positions
290-313 of SEQID NO:34 or a corresponding sequence from
another Ad-36 strain or isolate), corresponding to positions
183-279 of SEQ ID NO:48; (6) positions 334-363 of Ad-36
fiber (positions 334-363 of SEQ ID NO:34 or a corresponding
sequence from another Ad-36 strain or isolate), correspond-
ing to positions 280-309 of SEQ ID NO:48; and (7) a hexa-
histidine tag (positions 310-315 of SEQ ID NO:48). The
amino acid segments used in this fusion protein can be modi-
fied by the use of additional amino acids flanking either end of
any domain; the example provided herein is exemplary. The
nucleic acid sequence encoding the fusion protein of SEQ ID
NO:48 was codon optimized for expression in yeast, and the
yeast-based immunotherapeutic expressing this fusion pro-
tein was produced as described above.

The expression of this Ad-36 fiber fusion protein in yeast is
shown in FIG. 2 (aFL-FIB). The estimated expression level of
the fusion protein was 14,854 ng/Y.U.

Another yeast-based immunotherapeutic, denoted in FIG.
1 as “HEX”, was designed to express an Ad-36 fusion protein
as a single polypeptide comprising portions of the Ad-36
hexon protein (the full Ad-36 hexon protein is represented by
SEQ ID NO:18) fused at its N-terminus to a synthetic peptide
represented by SEQ ID NO:58. Saccharomyces cerevisiae
were engineered to express this protein under the control of
the TEF2 promoter. This fusion protein has the following
sequence elements fused in frame from N- to C-terminus,
represented by SEQ ID NO:43: (1) an N-terminal peptide to
impart resistance to proteasomal degradation and stabilize
expression (positions 1 to 6 of SEQ ID NO:43); (2) positions
136-218 of Ad-36 hexon (positions 136-218 of SEQ ID
NO:18 or a corresponding sequence from another Ad-36
strain or isolate), corresponding to positions 7-89 of SEQ ID
NO:43; (3) positions 235-285 of Ad-36 hexon (positions 235-
285 of SEQ ID NO:18 or a corresponding sequence from
another Ad-36 strain or isolate), corresponding to positions
90-141 of SEQ ID NO:43; (4) positions 297-308 of Ad-36
hexon (positions 297-308 of SEQ ID NO:18 or a correspond-
ing sequence from another Ad-36 strain or isolate), corre-
sponding to positions 142-153 of SEQ ID NO:43; (5) posi-
tions 410-450 of Ad-36 hexon (positions 410-450 of SEQ ID
NO:18 or a corresponding sequence from another Ad-36
strain or isolate), corresponding to positions 154-194 of SEQ
1D NO:43; and (6) a hexahistidine tag (positions 195-200 of
SEQID NO:43). The amino acid segments used in this fusion
protein can be modified by the use of additional amino acids
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flanking either end of any domain. The nucleic acid sequence
encoding the fusion protein of SEQ ID NO:43 was codon
optimized for expression in yeast, and the yeast-based immu-
notherapeutic expressing this fusion protein was produced as
described above.

The expression of this Ad-36 hexon fusion protein in yeast
is shown in FIG. 1 (HEX). The estimated expression level of
this protein was 1981 ng/Y.U.

Another yeast-based immunotherapeutic, denoted in FIG.
2 as “aFL-Hexon” was designed to express an Ad-36 fusion
protein as a single polypeptide comprising portions of the
Ad-36 hexon protein (the full Ad-36 hexon protein is repre-
sented by SEQ ID NO:18) fused with yeast alpha factor leader
signal sequence (SEQ ID NO:56). Saccharomyces cerevisiae
were engineered to express this protein under the control of
the CUPI1 promoter. This fusion protein has the following
sequence elements fused in frame from N- to C-terminus,
represented by SEQ ID NO:50: (1) an N-terminal peptide to
impart resistance to proteasomal degradation and stabilize or
enhance expression (SEQ ID NO:56, or positions 1 to 89 of
SEQ ID NO:50); 2) a two amino acid spacer/linker (Thr-Ser)
to facilitate cloning and manipulation of the sequences (posi-
tions 90 to 91 of SEQ ID NO:50); (3) positions 136-218 of
Ad-36 hexon (positions 136-218 of SEQ ID NO:18 or a
corresponding sequence from another Ad-36 strain or iso-
late), corresponding to positions 92-174 of SEQ ID NO:50;
(4) positions 235-285 of Ad-36 hexon (positions 235-285 of
SEQ ID NO:18 or a corresponding sequence from another
Ad-36 strain or isolate), corresponding to positions 175-226
of SEQ ID NO:50; (5) positions 297-308 of Ad-36 hexon
(positions 297-308 of SEQ ID NO:18 or a corresponding
sequence from another Ad-36 strain or isolate), correspond-
ing to positions 227-238 of SEQ ID NO:50; (6) positions
410-450 of Ad-36 hexon (positions 410-450 of SEQ ID
NO:18 or a corresponding sequence from another Ad-36
strain or isolate), corresponding to positions 239-279 of SEQ
ID NO:50; and (7) a hexahistidine tag (positions 280-285 of
SEQID NO:50). The amino acid segments used in this fusion
protein can be modified by the use of additional amino acids
flanking either end of any domain. The nucleic acid sequence
encoding the fusion protein of SEQ ID NO:50 was codon
optimized for expression in yeast, and the yeast-based immu-
notherapeutic expressing this fusion protein was produced as
described above.

The expression of this Ad-36 hexon fusion protein in yeast
is shown in FIG. 2 (aFL-Hexon). The estimated expression
level of this protein was 19,695 ng/Y.U.

Another yeast-based immunotherapeutic, denoted in FIG.
2 as “aFL-Hexon-F”, was designed to express an Ad-36
fusion protein as a single polypeptide comprising the full-
length Ad-36 hexon protein (the full hexon protein is repre-
sented by SEQ ID NO:18), fused at its N-terminus to yeast
alpha factor leader sequence (SEQ ID NO:56). Saccharomy-
ces cerevisiae were engineered to express this protein under
the control of the TEF2 promoter. This fusion protein has the
following sequence elements fused in frame from N- to C-ter-
minus, represented by SEQ ID NO:52: (1) an N-terminal
peptide to impart resistance to proteasomal degradation and
stabilize or enhance expression (SEQ ID NO:56, or positions
1to 89 of SEQ ID NO:52); 2) a two amino acid spacer/linker
(Thr-Ser) to facilitate cloning and manipulation of the
sequences (positions 90 to 91 of SEQ ID NO:52); (3) posi-
tions 2-944 of Ad-36 hexon (positions 2-944 of SEQ ID
NO:18 or a corresponding sequence from another Ad-36
strain or isolate), corresponding to positions 92-1034 of SEQ
ID NO:52; and (3) a hexahistidine tag (positions 1035-1040
of SEQ ID NO:52). This construct contains demonstrated or
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putative MHC Class I epitopes (e.g., positions 204-214 of
SEQ ID NO:52; positions 404-412 of SEQ ID NO:52; posi-
tions 795-803 of SEQ ID NO:52; positions 928-936 of SEQ
1D NO:52; or positions 994-1000 of SEQ ID NO:52), and
demonstrated or putative MHC Class 11 epitopes (e.g., posi-
tions 100-110 of SEQ ID NO:52; positions 116-126 of SEQ
1D NO:52; 406-420 of SEQ ID NO:52; positions 458-468 of
SEQ ID NO:52; positions 792-803 of SEQ ID NO:52; or
positions 947-957 of SEQ ID NO:52). The amino acid seg-
ments used in this fusion protein can be modified by the use of
additional amino acids flanking either end of any domain. The
nucleic acid sequence encoding the fusion protein of SEQ ID
NO:44 was codon optimized for expression in yeast, and the
yeast-based immunotherapeutic expressing this fusion pro-
tein was produced as described above.

The expression of this Ad-36 hexon fusion protein in yeast
is shown in FIG. 2 (aFL-Hexon-F). The estimated expression
level of this protein was 25,315 ng/Y.U.

Another yeast-based immunotherapeutic, denoted in FIG.
1 as “CRAG”, was designed to express an Ad-36 fusion
protein as a single polypeptide comprising portions of the
Ad-36 CR1a and CR1y proteins (the full CR1a protein is
represented by SEQ ID NO:26 and the full CR1y protein is
represented by SEQ ID NO:29), fused at its N-terminus to a
synthetic peptide represented by SEQ ID NO:58. Saccharo-
myces cerevisiae were engineered to express this protein
under the control of the TEF2 promoter. This fusion protein
has the following sequence elements fused in frame from N-
to C-terminus, represented by SEQ ID NO:47: (1) an N-ter-
minal peptide to impart resistance to proteasomal degradation
and stabilize expression (positions 1 to 6 of SEQ ID NO:47);
(2) positions 18-60 of CR1a (positions 18-60 of SEQ ID
NO:26 or a corresponding sequence from another Ad-36
strain or isolate), corresponding to positions 7-49 of SEQ ID
NO:47; (3) positions 123-157 of Ad-36 CR 1« (positions 123-
157 of SEQ ID NO:26 or a corresponding sequence from
another Ad-36 strain or isolate), corresponding to positions
50-84 of SEQ ID NO:47; (4) positions 19-60 of Ad-36 CR1y
(positions 19-60 of SEQ ID NO:29 or a corresponding
sequence from another Ad-36 strain or isolate), correspond-
ing to positions 85-126 of SEQ ID NO:47; (5) positions
83-116 of Ad-36 CR1y (positions 83-116 of SEQ ID NO:29
or a corresponding sequence from another Ad-36 strain or
isolate), corresponding to positions 127-160 of SEQ ID
NO:47; and (6) ahexahistidine tag (positions 161-166 of SEQ
ID NO:47). The amino acid segments used in this fusion
protein can be modified by the use of additional amino acids
flanking either end of any domain. The nucleic acid sequence
encoding the fusion protein of SEQ ID NO:43 was codon
optimized for expression in yeast, and the yeast-based immu-
notherapeutic expressing this fusion protein was produced as
described above.

The expression of this Ad-36 CR1a-CR1y fusion protein is
shown in FIG. 1 (CRAG). The estimated expression level of
this protein was 3341 ng/Y.U.

Another yeast-based immunotherapeutic, denoted “aFL.-
CRAG” in FIG. 2, was designed to express an Ad-36 fusion
protein as a single polypeptide comprising portions of the
Ad-36 CR1a and CR1y proteins (the full CR1a protein is
represented by SEQ ID NO:26 and the full CR1y protein is
represented by SEQ ID NO:29), fused at its N-terminus to
yeast alpha factor leader sequence (SEQ ID NO:56). Saccha-
romyces cerevisiae were engineered to express this protein
under the control of the CUP1 promoter. This fusion protein
has the following sequence elements fused in frame from N-
to C-terminus, represented by SEQ ID NO:54: (1) an N-ter-
minal peptide to impart resistance to proteasomal degradation
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and stabilize or enhance expression (SEQ ID NO:56, or posi-
tions 1 to 89 of SEQ ID NO:54); 2) a two amino acid spacer/
linker (Thr-Ser) to facilitate cloning and manipulation of the
sequences (positions 90 to 91 of SEQ ID NO:54); (3) posi-
tions 18-60 of CR1a (positions 18-60 of SEQ ID NO:26 ora
corresponding sequence from another Ad-36 strain or iso-
late), corresponding to positions 92-134 of SEQ ID NO:54;
(4) positions 123-157 of Ad-36 CR1a. (positions 123-157 of
SEQ ID NO:26 or a corresponding sequence from another
Ad-36 strain or isolate), corresponding to positions 135-169
of SEQ ID NO:54; (5) positions 19-60 of Ad-36 CR1y (posi-
tions 19-60 of SEQ ID NO:29 or a corresponding sequence
from another Ad-36 strain or isolate), corresponding to posi-
tions 170-211 of SEQ ID NO:54; (6) positions 83-116 of
Ad-36 CR1y (positions 83-116 of SEQ ID NO:29 or a corre-
sponding sequence from another Ad-36 strain or isolate),
corresponding to positions 212-245 of SEQ ID NO:54; and
(7) ahexahistidine tag (positions 246-251 of SEQ ID NO:54).
The amino acid segments used in this fusion protein can be
modified by the use of additional amino acids flanking either
end of any domain. The nucleic acid sequence encoding the
fusion protein of SEQ ID NO:54 was codon optimized for
expression in yeast, and the yeast-based immunotherapeutic
expressing this fusion protein was produced as described
above. The expression of this Ad-36 CR1a-CR 1y fusion pro-
tein is shown in FIG. 2 (aFL-CRAG). The estimated expres-
sion level of this protein was 16,154 ng/Y.U.

Additional yeast-based immunotherapeutic compositions
have been designed by the inventors and are produced using
the same protocols described above. For example, another
yeast-based immunotherapeutic is designed to express an
Ad-36 fusion protein as a single polypeptide comprising the
full-length Ad-36 hexon protein (the full hexon protein is
represented by SEQ ID NO:18), fused at its N-terminus to a
synthetic peptide represented by SEQ ID NO:58. Saccharo-
myces cerevisiae are engineered to express this protein under
the control of the TEF2 or CUP1 promoter. This fusion pro-
tein has the following sequence elements fused in frame from
N- to C-terminus, represented by SEQ ID NO:44: (1) an
N-terminal peptide to impart resistance to proteasomal deg-
radation and stabilize expression (positions 1 to 6 of SEQ ID
NO:44); (2) positions 2-944 of Ad-36 hexon (positions 2-944
of SEQ ID NO:18 or a corresponding sequence from another
Ad-36 strain or isolate), corresponding to positions 7-949 of
SEQ ID NO:44; and (3) a hexahistidine tag (positions 950-
955 of SEQ ID NO:44). This construct contains demonstrated
or putative MHC Class I epitopes (e.g., positions 119-129 of
SEQ ID NO:44; positions 319-327 of SEQ 1D NO:44; posi-
tions 710-718 of SEQ ID NO:44; positions 843-851 of SEQ
ID NO:44; or positions 909-915 of SEQ ID NO:44), and
demonstrated or putative MHC Class II epitopes (e.g., posi-
tions 15-25 of SEQ ID NO:44; positions 31-41 of SEQ ID
NO:44; 321-335 of SEQ ID NO:44; positions 373-383 of
SEQ ID NO:44; positions 707-718 of SEQ ID NO:44; or
positions 862-872 of SEQ ID NO:44). The amino acid seg-
ments used in this fusion protein can be modified by the use of
additional amino acids flanking either end of any domain; the
example provided herein is exemplary. A nucleic acid
sequence encoding the fusion protein of SEQ ID NO:44 is
codon optimized for expression in yeast, and a yeast-based
immunotherapeutic expressing this fusion protein is pro-
duced as described above.

Another yeast-based immunotherapeutic is designed to
express an Ad-36 fusion protein as a single polypeptide com-
prising portions of the Ad-36 fiber and hexon proteins (full
protein represented by SEQ ID NO:34 (fiber) and SEQ ID
NO:18 (hexon)), fused at its N-terminus to a synthetic peptide
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represented by SEQ ID NO:58. Saccharomyces cerevisiae are
engineered to express this protein under the control of the
TEF2 or CUP1 promoter. This fusion protein has the follow-
ing sequence elements fused in frame from N- to C-terminus,
represented by SEQ ID NO:45: (1) an N-terminal peptide to
impart resistance to proteasomal degradation and stabilize
expression (positions 1 to 6 of SEQ ID NO:45); (2) positions
71-136 of Ad-36 fiber (positions 71-136 of SEQ ID NO:34 or
a corresponding sequence from another Ad-36 strain or iso-
late), corresponding to positions 7-72 of SEQ ID NO:45; (3)
positions 145-169 of Ad-36 fiber (positions 145-169 of SEQ
1D NO:34 or a corresponding sequence from another Ad-36
strain or isolate), corresponding to positions 73-97 of SEQ ID
NO:45; (4) positions 290-313 of Ad-36 fiber (positions 290-
313 of SEQ ID NO:34 or a corresponding sequence from
another Ad-36 strain or isolate), corresponding to positions
98-194 of SEQ ID NO:45; (5) positions 334-363 of Ad-36
fiber (positions 334-363 of SEQ ID NO:34 or a corresponding
sequence from another Ad-36 strain or isolate), correspond-
ing to positions 195-224 of SEQ ID NO:45; (6) positions
136-218 of Ad-36 hexon (positions 136-218 of SEQ ID
NO:18 or a corresponding sequence from another Ad-36
strain or isolate), corresponding to positions 225-307 of SEQ
1D NO:45; (7) positions 235-285 of Ad-36 hexon (positions
235-285 of SEQID NO:18 or a corresponding sequence from
another Ad-36 strain or isolate), corresponding to positions
308-359 of SEQ ID NO:45; (8) positions 297-308 of Ad-36
hexon (positions 297-308 of SEQ ID NO:18 or a correspond-
ing sequence from another Ad-36 strain or isolate), corre-
sponding to positions 360-371 of SEQ ID NO:45; (9) posi-
tions 410-450 of Ad-36 hexon (positions 410-450 of SEQ ID
NO:18 or a corresponding sequence from another Ad-36
strain or isolate), corresponding to positions 372-412 of SEQ
ID NO:45; and (10) a hexahistidine tag (positions 413-418 of
SEQID NO:45). The amino acid segments used in this fusion
protein can be modified by the use of additional amino acids
flanking either end of any domain; the example provided
herein is exemplary. A nucleic acid sequence encoding the
fusion protein of SEQ ID NO:45 is codon optimized for
expression in yeast, and the yeast-based immunotherapeutic
expressing this fusion protein is produced as described above.

Yet another yeast-based immunotherapeutic is designed to
express an Ad-36 fusion protein as a single polypeptide com-
prising portions of the Ad-36 hexon and fiber proteins (full
protein represented by SEQ ID NO:18 (hexon) and SEQ ID
NO:34 (fiber)) fused at its N-terminus to a synthetic peptide
represented by SEQ ID NO:58. Saccharomyces cerevisiae are
engineered to express this protein under the control of the
TEF2 or CUP1 promoter. This fusion protein has the follow-
ing sequence elements fused in frame from N- to C-terminus,
represented by SEQ ID NO:46: (1) an N-terminal peptide to
impart resistance to proteasomal degradation and stabilize
expression (positions 1 to 6 of SEQ ID NO:46); (2) positions
136-218 of Ad-36 hexon (positions 136-218 of SEQ ID
NO:18 or a corresponding sequence from another Ad-36
strain or isolate), corresponding to positions 7-89 of SEQ ID
NO:46; (3) positions 235-285 of Ad-36 hexon (positions 235-
285 of SEQ ID NO:18 or a corresponding sequence from
another Ad-36 strain or isolate), corresponding to positions
90-141 of SEQ ID NO:46; (4) positions 297-308 of Ad-36
hexon (positions 297-308 of SEQ ID NO:18 or a correspond-
ing sequence from another Ad-36 strain or isolate), corre-
sponding to positions 142-153 of SEQ ID NO:46; (5) posi-
tions 410-450 of Ad-36 hexon (positions 410-450 of SEQ ID
NO:18 or a corresponding sequence from another Ad-36
strain or isolate), corresponding to positions 154-194 of SEQ
1D NO:46; (6) positions 71-136 of Ad-36 fiber (positions
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71-136 of SEQ ID NO:34 or a corresponding sequence from
another Ad-36 strain or isolate), corresponding to positions
195-260 of SEQ ID NO:46; (7) positions 145-169 of Ad-36
fiber (positions 145-169 of SEQ ID NO:34 or a corresponding
sequence from another Ad-36 strain or isolate), correspond-
ing to positions 261-285 of SEQ ID NO:46; (8) positions
290-313 of Ad-36 fiber (positions 290-313 of SEQ ID NO:34
or a corresponding sequence from another Ad-36 strain or
isolate), corresponding to positions 286-382 of SEQ ID
NO:46; (9) positions 334-363 of Ad-36 fiber (positions 334-
363 of SEQ ID NO:34 or a corresponding sequence from
another Ad-36 strain or isolate), corresponding to positions
383-412 of SEQ ID NO:46; and (10) a hexahistidine tag
(positions 413-418 of SEQ ID NO:46). The amino acid seg-
ments used in this fusion protein can be modified by the use of
additional amino acids flanking either end of any domain; the
example provided herein is exemplary. A nucleic acid
sequence encoding the fusion protein of SEQ ID NO:46 is
codon optimized for expression in yeast, and the yeast-based
immunotherapeutic expressing this fusion protein is pro-
duced as described above.

Example 2

Infection/Replication of Ad-36 in Rat Stem Cells and
A549 Cells

The following example describes the ability of Ad-36 to
infect primary preadipocytes and A549 cells. This experiment
demonstrates that viral stock that is intended for use in in vivo
experiments described in the examples below is biologically
active and can infect target cells of relevance in vitro. Ad-36
is a DNA virus and lacks mRNA. Transcription of Ad-36
genes into mRNA does not occur unless the virus has infected
amammalian host cell. The presence of Ad-36 mRNAs in the
target cells is therefore direct evidence of viral infection and
replication.

Purified Ad-36 viral stock was added to rat adipose derived
stem cells (ASC) and to A549 cells (human lung carcinoma
line that is a natural host cell for human adenoviruses) in
culture at a multiplicity of infection (MOI) of 5. Fifteen hours
post-viral addition, total RNA was isolated from the target
cells and was subjected to real-time reverse transcription PCR
(RT-PCR) with fluorescent SYBR green designed to specifi-
cally measure the rate of PCR amplification of E1A, E4 orfl,
and Hexon mRNAs. The relative expression of these genes
was determined for mock-infected or Ad-36 infected targets.
The results, shown in FIG. 3 (ASC) and FIG. 4 (A549) show
the E1A and Hexon genes were expressed in both cellular
targets and that the E4 Orfl was expressed specifically in
A549 cells. Gene expression required the addition of Ad-36,
since mock infected cells showed only background levels of
signal in all reactions.

Example 3

Rat Pilot Study-Ad36 Kinetics, and Infection of
Visceral Fat Tissues

The following example describes the ability of the Ad-36
stock to infect rats in vivo and evaluates: 1) the optimal dose of
Ad-36 giving rise to successtul viral inoculation, otherwise
known as “viral take’; ii) the kinetics of the blood viremic
phase of infection; iii) the ability of the virus to infect the
visceral adipose tissue.

Prior to the present invention, to the inventors’ knowledge,
there were no kinetic or dosing experiments or fat localization
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studies available that were robust enough or sufficient to
establish an optimal animal model of Ad-36 infection that
would be useful to evaluate prophylactic and therapeutic vac-
cine efficacy. Accordingly, the following experiments were
designed to provide this information and to establish a rel-
evant and useful model for studying Ad-36 infection (acute
and chronic). Briefly, rats were injected intraperitoneally with
PBS only or purified Ad-36 viral particles at 3 doses (107" 10*
or 10° plaque forming units (PFU)), according to the protocol
shown in Table 2. Blood samples were taken from rats at days
0 (pre-challenge) and days 1 post challenge (20 h), and at days
2 and 4 post-challenge. Virus DNA was prepared from 100 pl
plasma using the QIAAMP® MINELUTE® Virus Kit
(Qiagen), and the level of viral DNA was estimated by real
time quantitative PCR (qPCR) featuring an Ad-36 hexon-
DNA specific probe. Estimates of viral copy number were
obtained by interpolation against a standard curve produced
with purified hexon plasmid of known copy number. At two
weeks post-challenge, rats were euthanized, the visceral fat
was dissected and total DNA was isolated from the fat tissue
using a proteinase K/isopropanol precipitation method. The
DNA was subjected to nested two-round PCR featuring
hexon DNA-specific PCR primers.

TABLE 2
Fat
Ad36 Blood Draws Tissue
# Dose  Total V.P. (days Dis-
Group Rats (PFU) injected Route post-challenge) section
A 2 0 0 ip. do dI d2 d4 d14
B 2 107 23x10° ip. d0 dl d2 d4 d14
C 2 1085 23x10° ip. do dl d2 d4 di4
D 2 10°  23x10Y% ip. do dl d2 d4 di4

Results showing the virus particle (V.P.) copies per ml
blood at each level of viral infection are provided in FIG. 5
(Group A; mock control); FIG. 6 (Group B; 107 PFU Ad-36);
FIG. 7 (Group C; 10® PFU Ad-36); and FIG. 8 (Group D; 10°
PFU Ad-36). FIG. 9 shows the results of PCR to detect Ad-36
hexon in visceral fat. Taken together, the results of these
experiments demonstrate that: 1) the level of Ad-36 virus in
the blood as determined by hexon gPCR is maximal at the 10°
PFU dose, and at 20 h post challenge; and 2) the Ad-36 virus
is present in the visceral adipose tissue of all rats by 2 weeks
post challenge at the 10% and 10° PFU doses, whereas at the
107 PFU dose, virus was robustly detectable in the adipose
tissue of only one of the two rats. These data show that the
purified Ad-36 stock that was shown to infect primary preadi-
pocytes in culture in Example 2 are also infective in vivo, and
confirm published reports (e.g., Pasarica et al, 2008) that
Ad-36 infects visceral adipose tissues. Since the maximal
levels of viremia occurred with injection of 10° PFU (see FIG.
8), this dose was selected for challenge of rats in the yeast-
based immunotherapy vaccination experiments described in
the following examples. Accordingly, these data were used to
establish an optimized rat model system of Ad-36 infection
for the testing of prophylactic and therapeutic vaccines (im-
munotherapy).

Example 4

Effect of Prophylactic Administration of Ad-36
Tarmogens in the Rat Model of Ad-36 Infection

The following example describes the use of yeast-based
adenovirus-36 (Ad-36) immunotherapeutics in rat prophylac-
tic model of adenovirus-related obesity.
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A rat model has been studied in the literature (Dhurandhar
et al, Obesity 11:1905, 2006) in which Ad36-infected rats
attained significantly greater body weight and fat pad weight
by 30 weeks post-inoculation than mock infected control rats.
Epididymal-inguinal, retroperitoneal, and visceral fat pad
weights of the infected group were greater than PBS control
rats by 60%, 46%, and 86%, respectively (p<0.00001). The
present inventors have improved this rat model for the pur-
poses of evaluating prophylactic and therapeutic vaccines, as
described above in Example 3.

The following experiment describes a study to determine if
prophylactic administration of the yeast-based immunothera-
peutic compositions described in Example 1 prevent or
reduce the extent of or rate of Ad-36-induced weight gain.

Cohorts of rats (n=18/group) were immunized subcutane-
ously (s.c.) with yeast-based Ad-36 immunotherapeutic com-
positions (vaccines), administered at four different sites with
20 million yeast cells (2 Y.U.) in 0.1 ml per site. In these
experiments, two different yeast-based immunotherapeutic
compositions were used. “Ad-aFL.-CRAG” is the yeast-based
immunotherapeutic described in Example 1 above that
expresses an Ad-36 fusion protein comprising Ad-36 CR1a
and CR1y antigens, these antigens having an amino acid
sequence of SEQ ID NO:55, which are linked at the N-termi-
nus to an alpha factor leader sequence, to form a complete
fusion protein having the amino acid sequence of SEQ ID
NO:54. “Ad-aFL-HEX-Full” is the yeast-based immuno-
therapeutic described in Example 1 above that expresses an
Ad-36 fusion protein comprising a near full-length hexon
antigen, the antigen having an amino acid sequence of SEQ
ID NO:53, which is linked at its N-terminus to an alpha factor
leader sequence, to form a complete fusion protein having the
amino acid sequence of SEQ ID NO:52. Dosing was once per
week for 3 weeks and then, after a two week rest, rats were
challenged intraperitoneally with Ad-36 (10° PFU), which
was established in Example 3 to be the optimal viral dose for
evaluating Ad-36 infection. Immunization was then con-
ducted once per month for up to 30 weeks post-challenge. The
experimental cohorts are shown in Table 3. Additional control
groups include a group of rats receiving PBS only (naive or
“PBS”), and a group of rats immunized with control yeast
compositions (“empty vector” yeast or “YVEC”, which are
yeast transfected with a vector that does not contain an anti-
gen insert; i.e., these yeast do not express an Ad-36 anti-

gen(s)).

TABLE 3
Pre-challenge Post-challenge
Group Immunization Challenge Immunization
A PBS PBS PBS
B PBS Ad-36 PBS
C YVEC Ad-36 YVEC
D Yeast-Ad-aFL- Ad-36 Ad-aFL-CRAG
CRAG
E Yeast-Ad-aFL- Ad-36 Ad-aFL-HEX-Full
HEX-Full

Animals were weighed pre-immunization, pre-viral chal-
lenge and then biweekly for approximately 30 weeks follow-
ing inoculation with virus. Food and water consumption were
monitored throughout the study. Blood was collected at base-
line, before viral challenge, and monthly following viral chal-
lenge to monitor for Ad-36 DNA, cholesterol, triglyceride
levels, corticosterone, neutralizing antibodies to Ad-36, and
other parameters (see Example 5). Glucose tolerance testing
is performed at selected intervals and urine glucose levels are
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also measured. Blood (500 pul per timepoint) was obtained
under isofluroane anaesthesia from the tail vein. At the end of
the study, animals are euthanized and adipose tissue is har-
vested to measure viral levels by polymerase chain reaction
(PCR). PCR may also be performed on biopsies obtained
during the course of the study.

This experiment was performed in outbred Wistar rats. If,
as expected, weight gain is prevented or reduced (or the rate
ofweight gain is reduced) in rats immunized with yeast-based
Ad-36 immunotherapy as compared to control rats, inbred
Wistar Furth rats will be evaluated according to the same or
similar protocol, as this rat is expected to be more amenable
to evaluation of T cell immunity. Additional experiments can
also be conducted to determine the effect of diet or other
factors in conjunction with immunotherapy (e.g., by admin-
istering a high fat diet versus a normal diet).

Immunization with a yeast-based Ad-36 immunotherapy
composition is deemed active in this study if it causes, as
compared with empty vector yeast or PBS controls, notable
trends towards normalization of or beneficial outcome (more
healthy, less characteristic of obesity or being or becoming
overweight) in any one or more of the following parameters
for Ad-36 infected rats: 1) body weight or rate of body weight
gain; ii) percent body fat or body mass index); iii) frequency
or titer of neutralizing antibodies; iv) cholesterol levels; v)
serum triglycerides vi) serum corticosterone; vii) blood and/
or urine glucose levels; viii) glucose tolerance; ix) blood
Ad-36 viral titer. Certain of these parameters have already
been observed as positive indicators of the effectiveness of
Ad-36-targeted yeast-based immunotherapy in immunized
rats (see following discussion) at 18 weeks post-challenge,
and are believed to show that yeast-based immunotherapy
targeting Ad-36 is effective for reducing the rate of weight
gain in an antigen-specific manner. It is expected that by the
end of the study at 30 weeks when the Ad-36 induced pheno-
type fully emerges, the results will demonstrate that immu-
nization with a yeast-based Ad-36 immunotherapy composi-
tion is effective for reducing and/or preventing weight gain,
reducing rate of weight gain, and/or reducing or preventing
adiposity in rats infected with Ad-36 in an antigen-specific or
Ad-36-specific manner, and this may be accompanied by
changes in the biochemical parameters mentioned, given
their known association with the obesity phenotype.

As discussed above, the present study is currently at week
18 post-viral challenge. Virus-induced weight gain in control
rats is not anticipated to be measurable at this early time-point
based on work by Dhurandhar (Dhurandhar et al 2006). Con-
sistent with this expectation, the weight gain data through
week 18 show that Ad-36 challenge has not yet caused weight
gain above PBS injected control rats. However, the aFL-
CRAG Tarmogen immunization group already has a lower
overall weight gain than rats in the other groups, as shown in
FIGS. 10, 11 and 12. Specifically, FIG. 10 is a scatter plot
showing individual rats in each of the immunization groups,
and revealing a clear trend in the yeast-based immunotherapy
groups, and particularly in the rats immunized with a yeast-
based immunotherapeutic expressing Ad-36 CRla and
CR1y, toward a lower rate of weight gain as compared to rats
immunized with PBS only (PBS) or with the “empty vector”
yeast control (YVEC). FIG. 11 shows the median weight gain
for each group of animals over time. Again, the reduced rate
of' weight gain as compared to controls in the rats immunized
with yeast-based immunotherapeutic expressing Ad-36
CR1a and CR1y is clear. FIG. 12 illustrates two individual
time points (4 weeks post-viral challenge and 12 weeks post-
viral challenge) and again, the reduced rate of weight gain in
rats immunized with yeast-Ad-36 immunotherapy as com-
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pared to the PBS control is evident (p values are relative to the
PBS control). Error bars in FIG. 12 are generated based on
comparison to the PBS-immunized, virus-challenged control
group and statistical significance is measured also as com-
pared to this group.

Taken together, these data demonstrate an Ad-36-specific,
and particularly, an Ad-36 CR1a-CRly-antigen specific
effect, of the yeast-based immunotherapeutic on body weight
gain, and one that has emerged before an Ad-36 emergent
obesity phenotype is even apparent. A plot of the body weight
at weeks 4 and 12 shows that this the weight gain of aFL-
CRAG immunized rats is statistically significantly lower than
the weight gain of YVEC (control yeast) or Naive rats (PBS)
at these time-points (FIG. 12). The rats immunized with the
yeast expressing a hexon-based fusion protein show a trend
toward a similar phenotype, although at this time point, the
difference from controls is not as substantial as for the yeast
expressing the CR1a-CR1y-antigen. Therefore, yeast-based
immunotherapy targeting Ad-36 reduces the rate of weight
gain in an animal model of chronic Ad-36 infection, and is
expected to show reduced weight gain and additional ben-
efits, as compared to the controls, with respect to the other
parameters discussed above by 30 weeks post-challenge.

Example 5

Viral Kinetics in the Prophylactic Ad-36 Yeast-Based
Immunotherapy Study (Rat)

The following experiment demonstrates the use of the
method described in Example 4 to test Ad-36 viral kinetics in
the bloodstream after Ad-36 viral challenge.

Briefly, blood genomic DNA was extracted from 100 pl of
rat blood using Qiagen’s QlAamp Kit. Ad-36 DNA was
detected by quantitative polymerase chain reaction (QPCR),
featuring a unique Hexon-gene specific probe designed by the
inventors. The results, illustrated in FIG. 13, show that Ad-36
DNA is present at 10° to 10° copies per mL for up to 9 weeks
post-challenge, and was cleared from the blood completely
by 13 weeks post-challenge. Interestingly, the inter-rat vari-
ability of viral DNA load decreases over time, reaching a
minimum just before clearance. Without being bound by
theory, the inventors believe that these data could reflect the
natural immune response to the virus, the yeast-based immu-
notherapy-induced immune response to the virus, or some
combination of these effects.

Example 6
Rat Therapeutic Experiment

The following example describes the use of yeast-based
Ad-36 immunotherapeutics in a rat therapeutic model of
adenovirus-related obesity.

In the following experiment, yeast-based Ad-36 immuno-
therapeutic compositions (vaccines) were evaluated to deter-
mine whether immunization against this virus using yeast-
based immunotherapy can reverse obesity or at least reduce
weight gain or the rate of weight gain and adiposity in rats
when immunization with yeast-based Ad-36 compositions is
initiated after Ad-36 infection and subsequent weight gain.

Rats were infected with Ad-36 (approximately 1x10° PFU
in 1 ml) by intraperitoneal administration, as described in the
prophylactic study in Example 4. After an Ad-36 emergent
obesity phenotype has been established, groups of rats are
immunized subcutaneously (s.c.) with one of the two yeast-
based Ad-36 immunotherapeutic compositions (vaccines)
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described in Example 4 above and in Table 4 below, admin-
istered at four different sites, with 20 million cells (2.0 Y.U.)
s.c. in 0.1 ml per site. Vaccinations are performed once per
week for 2 weeks after challenge, and then monthly for as
long as 30 weeks. Additional control groups include a group
of rats immunized with control yeast compositions (“empty
vector” yeast, or YVEC, that do not express the Ad-36 anti-
gen(s)), and a group of rats receiving PBS only (naive or
PBS). In the present example the control group (B) is PBS.

TABLE 4

Post-challenge

Group challenge Immunization

B Ad-36 PBS

F Ad-36 Ad-aFL-CRAG

H Ad-36 Ad-aFL-HEX-Full

Animals are weighed pre-viral infection and then up to
biweekly for the up to 30 weeks duration of the study. In
addition, food and water consumption are monitored. Blood
is collected pre-viral infection and biweekly to monitor for
serum viral load, cholesterol, triglyceride levels, corticoster-
one, neutralizing antibodies, and the other biochemical
parameters as described in Example 5. Glucose tolerance
testing is performed and glucose levels are measured in the
urine. Blood (500 pl per timepoint) is obtained under isof-
luroane anaesthesia from the tail vein.

Atthe end of the study, animals are euthanized and adipose
tissue is harvested to measure viral levels by polymerase
chain reaction (PCR). PCR may also be performed on biop-
sies obtained during the course of the study.

This experiment was performed in outbred Wistar rats. If,
as expected, additional weight gain is prevented or reduced in
rats immunized with yeast-based Ad-36 immunotherapy as
compared to control rats, inbred Wistar Furth rats will be
evaluated according to the same or similar protocol, as these
inbred rats are expected to be more amenable to evaluation of
T cell immunity. Additional experiments may also determine
the effect of diet or other factors in conjunction with immu-
notherapy (e.g., by administering a high fat diet versus a
normal diet).

Immunization with a yeast-based Ad-36 immunotherapy
composition is deemed active if it causes, as compared with
empty vector yeast or PBS controls, notable trends towards
normalization of any of the following parameters for Ad-36
infected rats: 1) body weight or a reduced rate of body weight
gain; i) percent body fat or body mass index; iii) frequency or
titer of neutralizing antibodies; iv) cholesterol levels; v)
serum corticosterone; vi) serum triglycerides; vii) blood and/
or urine glucose levels; viii) glucose tolerance; ix) blood
Ad-36 viral titer. In summary, it is expected that immuniza-
tion with a yeast-based Ad-36 immunotherapy composition
will be effective for reducing or preventing weight gain and
adiposity in rats and this may be accompanied by changes in
the biochemical parameters mentioned, given their known
association with the obesity phenotype.

Example 7

Effect of Yeast Vector on Rat Appetite and Body
Weight Gain

The following example describes an experiment designed
to determine if immunization of rats with yeast-based immu-
notherapeutic compositions of the invention affects the rate of
weight gain of naive uninfected (not infected with Ad-36)
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rats. This experiment was designed to identify whether there
is a yeast vector-based effect of Tarmogen vaccination on
appetite or body weight gain that is independent of Ad-36
exposure. Such effects on appetite or body weight, if
observed, would not be considered to be antigen-specific,
since there is no viral antigen in the host, and would be
important to determine prior to interpreting the effect of
Ad-36 Tarmogen immunization on Ad-36-induced weight
gain.

Rats were immunized with one of the yeast-based immu-
notherapy compositions described in Example 1 (Ad-Fib, the
fusion protein of which is represented by SEQ 1D NO:42)
once per week, onweeks 1,2,7,9, and 11. Vaccination was at
4 s.c sites with 2 Y.U. per site. The animals were weighed
pre-immunization and biweekly following vaccination. The
diet consumption and body weight of the rats was monitored
during this period. The results, shown in FIG. 14, show that
there was no difference in food consumption between the
yeast-immunized group and control group. Also, Ad-Fiber
yeast vaccination did not change the rate of body weight gain
as compared to naive control rats, as shown in FIG. 15. These
data demonstrate that yeast based immunotherapy vaccina-
tions per se (in the absence of the target antigen) do not alter
the appetite or body weight gain of rats. These results are
consistent with the observation that the effects of Ad-36
yeast-based immunotherapy on body weight, when observed
in the Ad-36 challenge experiments described above, are not
believed to be attributable to a generalized effect of the yeast
or yeast vector on rat appetite or metabolism.

Example 8

Organ Distribution of Ad-36 after Intraperitoneal
Inoculation

The following experiment demonstrates the Ad36 distribu-
tion in major organs and tissues after the virus infection.

This experiment is of relevance to the specificity/tropism
of'the virus and to the best of the inventors’ knowledge, such
analyses have not been conducted in any study this late after
viral challenge. Therefore, the following experiments were
designed to confirm that Ad-36 resides in fat compartments
after the virus is no longer detectable in the blood, and to
further indicate tissues or organs where yeast-based immu-
notherapy may be active. In one published study (Pasaricia et
al, 2008), conducted at 4 days post challenge, Ad-36 was
found in nearly all tissues tested including the central nervous
system (CNS), heart, lung, liver, spleen, kidney, visceral fat,
and other organs. In the present study, the organ/body-wide
distribution of Ad-36 was evaluated at 15 weeks virus post-
challenge in a non-immunized rat. Briefly, major organs and
tissues (include blood and peripheral blood mononuclear
cells (PBMC)) were removed and isolated. Organ and tissue
genomic DNA was extracted from all samples using the
QIAamp Kit, and Ad-36 DNA was detected with a very
sensitive nested polymerase chain reaction (PCR) assay. The
results, shown in FIG. 16, indicated that 15 weeks after virus
inoculation, Ad-36 DNA is detectable in the epididymal, ret-
roperitoneal, omental visceral adipose tissues, and also in the
spleen and kidney. However, Ad36 DNA was absent from
heart, liver, lung, brain, and subcutaneous fat, as well as the
other organs/tissues tested. These results, taken together with
the prior results of Pasarica et al., show that Ad-36, although
widely distributed in most major organs early after challenge,
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becomes more localized to fat compartments, as well as kid-
ney and spleen, by 15 weeks post viral challenge.

Example 9
Mouse Model-Prophylactic

The following example describes the use of yeast-based
adenovirus-36 (Ad-36) immunotherapeutics in an animal
model of adenovirus-related obesity.

A mouse model has been described in the literature
whereby infection of animals with human Ad-36 has caused
weight gain and increase in adiposity (Dhurandhar et al. Int.
J. Obesity 24:989, 2000). In those studies, a statistically sig-
nificant increase in body fat weight (p<0.02) was elicited in
Ad36-infected mice compared to the control group. Addition-
ally, 60% of Ad-36 injected mice vs. 22% of controls were
considered obese when obesity was defined as >85th percen-
tile of the control group.

In the following experiment, yeast-based Ad-36 immuno-
therapeutic compositions (vaccines) are evaluated to deter-
mine whether immunization against this virus using yeast-
based immunotherapy can prevent obesity or at least reduce
weight gain and adiposity associated with Ad-36 infection.

Groups of mice are immunized subcutaneously (s.c.) with
a yeast-based Ad-36 immunotherapeutic composition (vac-
cine) administered at two to four different sites (1 to 20
million cells (or 0.1-2.0Y.U.) s.c. in 0.1 ml per site), between
three and six times at weekly intervals. After the final admin-
istration, mice are challenged with Ad-36 (approximately
2x107 PFU in 0.1-0.2 ml) by intraperitoneal administration.
Experimental groups of mice (10-20 mice per group) are
immunized with a yeast-based Ad-36 immunotherapeutic
composition, e.g., one of the yeast-based immunotherapy
compositions described in Example 1. Additional control
groups include a group of mice immunized with control yeast
compositions (“empty vector” yeast that do not express the
Ad-36 antigen(s)), and a group of mice receiving PBS only
(naive).

Animals are weighed pre-treatment, pre-viral challenge
and then up to twice weekly for approximately 22 weeks
following inoculation with virus. In addition, food and water
consumption are monitored. Blood is collected at baseline,
pre-viral challenge and biweekly following challenge to
monitor for cholesterol, triglyceride levels and for neutraliz-
ing antibodies to Ad36 in the serum. Glucose tolerance testing
is performed and glucose levels are measured in the urine.
Blood (200 pl per timepoint) is obtained under isofluroane
anaesthesia from the retro-orbital plexus. At the end of the
study, animals are euthanized and adipose tissue is harvested
to measure viral levels by polymerase chain reaction (PCR).
PCR may also be performed on biopsies obtained during the
course of the study.

The experiment is initially performed in outbred mice (e.g.,
ICR or CD-1® mice). If, as expected, weight gain is pre-
vented or reduced in mice immunized with yeast-based
Ad-36 immunotherapy as compared to control mice, inbred
strain(s) are further evaluated according to the same or similar
protocol (e.g., C57BL/6, BALB/c or C3H), as these mice are
expected to be more amenable to evaluation of T cell immu-
nity. Additional experiments may also determine the effect of
diet or other factors in conjunction with immunotherapy (e.g.,
by administering a high fat diet versus a normal diet).

Immunization with a yeast-based Ad-36 immunotherapy
composition is effective if immunization results in a statisti-
cally significant difference in body weight or body weight
gain between yeast-Ad-36 immunized mice and control mice
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(empty vector yeast or PBS-immunized), and/or at least a
two-fold difference in neutralizing antibody levels, and/or a
greater than 5% reduction in percent body {fat, cholesterol,
triglycerides, reduction in glucose in the urine or reduced
glucose levels by glucose tolerance test and/or reduction in
Ad-36 viral titers, between the experimental and either con-
trol group (empty vector yeast or PBS-immunized). It is
expected that immunization with a yeast-based Ad-36 immu-
notherapy composition will be effective for reducing or pre-
venting weight gain and adiposity in mice.

Example 10
Mouse Model-Therapeutic

The following example describes the use of yeast-based
Ad-36 immunotherapeutics in an animal model of adenovi-
rus-related obesity.

In the following experiment, yeast-based Ad-36 immuno-
therapeutic compositions (vaccines) are evaluated to deter-
mine whether immunization against this virus using yeast-
based immunotherapy can reverse obesity or at least reduce
weight gain and adiposity in mice when immunization with
yeast based Ad-36 compositions is initiated after Ad-36 infec-
tion and subsequent weight gain.

Mice are infected with Ad-36 (approximately 2x107 PFU
in 0.1-0.2 ml) by intraperitoneal administration. Once weight
gain has been established, groups of mice will be immunized
subcutaneously (s.c.) with a yeast-based Ad-36 immuno-
therapeutic composition (vaccine) administered at two to four
different sites (1 to 20 million cells (0.1t0 2.0Y.U.)s.c.in0.1
ml per site), between three and six times at weekly intervals.
Additional control groups include a group of mice immu-
nized with control yeast compositions (“empty vector” yeast
that do not express the Ad-36 antigen(s)), and a group of mice
receiving PBS only (naive).

Animals are weighed pre-viral infection and then up to
twice weekly for the duration of the study. In addition, food
and water consumption are monitored. Blood is collected
pre-viral infection and biweekly to monitor for cholesterol,
triglyceride levels and for neutralizing antibodies to Ad36 in
the serum. Glucose tolerance testing is performed and glu-
cose levels are measured in the urine. Blood (200 pul per
timepoint) is obtained under isofluroane anaesthesia from the
retro-orbital plexus.

Atthe end of the study, animals are euthanized and adipose
tissue is harvested to measure viral levels by polymerase
chain reaction (PCR). PCR may also be performed on biop-
sies obtained during the course of the study.

The experiment is initially performed in outbred mice (e.g.,
ICR or CD-1® mice). If, as expected, additional weight gain
is prevented or reduced in mice immunized with yeast-based
Ad-36 immunotherapy as compared to control mice, inbred
strain(s) are further evaluated according to the same or similar
protocol (e.g., C57BL/6, BALB/c or C3H), as these mice are
expected to be more amenable to evaluation of T cell immu-
nity. Additional experiments may also determine the effect of
diet or other factors in conjunction with immunotherapy (e.g.,
by administering a high fat diet versus a normal diet).

Immunization with a yeast-based Ad-36 immunotherapy
composition is effective if immunization results in a statisti-
cally significant difference in body weight or body weight
gain between yeast-Ad-36 immunized mice and control mice
(empty vector yeast or PBS-immunized), and/or at least a
two-fold difference in neutralizing antibody levels, and/or a
greater than 5% reduction in percent body {fat, cholesterol,
triglycerides in glucose in the urine or reduced glucose levels
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by glucose tolerance test and/or reduction in Ad-36 viral titers
between the experimental and either control group (empty
vector yeast or PBS-immunized). It is expected that immuni-
zation with a yeast-based Ad-36 immunotherapy composition
will be effective for reducing or preventing additional weight
gain and adiposity in mice.

Example 11
Treatment of Ad-36 Infection in Humans

The following example describes a clinical trial for the
treatment of Ad-36 infection in human adult subjects.

A randomized phase 1 clinical trial in adult patients and/or
in obese pediatric patients testing positive for adenovirus-36
infection and having a BMI of at least 25 (or pediatric patients
with analogous/equivalent BMI) will be conducted. Addi-
tional groups or trials include non-obese and/or non-over-
weight adults and/or pediatric patients testing positive for
adenovirus infection. Subjects will be randomized into two
arms. Arm 1 patients will receive at least 12 weeks of yeast-
based Ad-36 immunotherapy (any composition as described
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in Example 1) and will follow a prescribed diet and exercise
regimen. Arm 2 patients will receive a placebo (PBS control
injection or empty yeast) and will follow the same prescribed
diet and exercise program. One primary endpoint is reduction
in Ad-36 viral titer. Another endpoint is immune seroconver-
sion determined by measurement of the presence of Ad-36
antibodies. Another endpoint is Ad-36-specific cellular
immune responses (which may include T cell proliferation,
induction of CD4* Th1 and/or Th17 cells, induction of CD8*
T cells as measure by CTL assay or cytokine assay, and/or
modulation in regulatory T cell (Treg) numbers or function).
Additional secondary endpoints include a reduction in BMI,
as well as relative weight loss and absolute weight loss during
treatment and during longitudinal follow-up after completion
of therapy.

While various embodiments of the present invention have
been described in detail, it is apparent that modifications and
adaptations of those embodiments will occur to those skilled
in the art. It is to be expressly understood, however, that such
modifications and adaptations are within the scope of the
present invention, as set forth in the following exemplary
claims.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 58

<210> SEQ ID NO 1

<211> LENGTH: 36604

<212> TYPE: DNA

<213> ORGANISM: Adenovirus type 36

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (12)..(12)

<223> OTHER INFORMATION: n is a, ¢, g, or t
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (17)..(17

<223> OTHER INFORMATION: n is a, ¢, g, or t
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (25)..(26)

<223> OTHER INFORMATION: n is a, ¢, g, or t
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (800)..(800)

<223> OTHER INFORMATION: n is a, ¢, g, or t
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (805)..(805)

<223> OTHER INFORMATION: n is a, ¢, g, or t
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (813)..(814)

<223> OTHER INFORMATION: n is a, ¢, g, or t
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1402)..(1402)

<223> OTHER INFORMATION: n is a, ¢, g, or t
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1407)..(1407)

<223> OTHER INFORMATION: n is a, ¢, g, or t
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1415)..(1415)

<223> OTHER INFORMATION: n is a, ¢, g, or t
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1976)..(1976)

<223> OTHER INFORMATION: n is a, ¢, g, or t
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1981)..(1981)

<223> OTHER INFORMATION: n is a, ¢, g, or t
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<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>

FEATURE:

NAME/KEY: misc_feature

LOCATION:

(1989) .. (1989)

OTHER INFORMATION: n is a,

FEATURE:

NAME/KEY: misc_feature

LOCATION:

(3489) .. (3489)

OTHER INFORMATION: n is a,

FEATURE:

NAME/KEY: misc_feature

LOCATION:

(3492) .. (3492)

OTHER INFORMATION: n is a,

FEATURE:

NAME/KEY: misc_feature

LOCATION:

(3500} .. (3500)

OTHER INFORMATION: n is a,

FEATURE:

NAME/KEY: misc_feature

LOCATION:

(3917) .. (3917)

OTHER INFORMATION: n is a,

FEATURE:

NAME/KEY: misc_feature

LOCATION:

(3922)..(3922)

OTHER INFORMATION: n is a,

FEATURE:

NAME/KEY: misc_feature

LOCATION:

(3930) ..(3930

OTHER INFORMATION: n is a,

FEATURE:

NAME/KEY: misc_feature

LOCATION:

(3934) ..(3934)

OTHER INFORMATION: n is a,

FEATURE:

NAME/KEY: misc_feature

LOCATION:

(3936) ..(3936)

OTHER INFORMATION: n is a,

FEATURE:

NAME/KEY: misc_feature

LOCATION:

(5294) .. (5294)

OTHER INFORMATION: n is a,

FEATURE:

NAME/KEY: misc_feature

LOCATION:

(5297) .. (5297)

OTHER INFORMATION: n is a,

FEATURE:

NAME/KEY: misc_feature

LOCATION:

(5300) .. (5300)

OTHER INFORMATION: n is a,

FEATURE:

NAME/KEY: misc_feature

LOCATION:

(5303) ..(5303)

OTHER INFORMATION: n is a,

FEATURE:

NAME/KEY: misc_feature

LOCATION:

(5311) .. (5311)

OTHER INFORMATION: n is a,

FEATURE:

NAME/KEY: misc_feature

LOCATION:

(5315) .. (5315)

OTHER INFORMATION: n is a,

FEATURE:

NAME/KEY: misc_feature

LOCATION:

(5317) .. (5317)

OTHER INFORMATION: n is a,

FEATURE:

NAME/KEY: misc_feature

LOCATION:

(8860) . .(8860)

OTHER INFORMATION: n is a,

FEATURE:

NAME/KEY: misc_feature

LOCATION:

(8864) .. (8864)

OTHER INFORMATION: n is a,

FEATURE:

NAME/KEY: misc_feature

LOCATION:

(8872) ..(8873)

OTHER INFORMATION: n is a,

FEATURE:

NAME/KEY: misc_feature

LOCATION:

(9274) .. (9274)

or

or

or

or

or

or

or

or

or

or

or

or

or

or

or

or

or

or

or
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<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>

OTHER INFORMATION: n is a,
FEATURE:

NAME/KEY: misc_feature
LOCATION: (9277)..(9277)
OTHER INFORMATION: n is a,
FEATURE:

NAME/KEY: misc_feature
LOCATION: (9281)..(9281)
OTHER INFORMATION: n is a,
FEATURE:

NAME/KEY: misc_feature
LOCATION: (9289)..(9289)
OTHER INFORMATION: n is a,
FEATURE:

NAME/KEY: misc_feature
LOCATION: (9293)..(9293)
OTHER INFORMATION: n is a,
FEATURE:

NAME/KEY: misc_feature
LOCATION: (9295)..(9295)
OTHER INFORMATION: n is a,
FEATURE:

NAME/KEY: misc_feature
LOCATION: (11215).. (11215
OTHER INFORMATION: n is a,
FEATURE:

NAME/KEY: misc_feature
LOCATION: (11219} .. (11219
OTHER INFORMATION: n is a,
FEATURE:

NAME/KEY: misc_feature
LOCATION: (11227)..(11227)
OTHER INFORMATION: n is a,
FEATURE:

NAME/KEY: misc_feature
LOCATION: (12358).. (12358
OTHER INFORMATION: n is a,
FEATURE:

NAME/KEY: misc_feature
LOCATION: (12362)..(12362)
OTHER INFORMATION: n is a,
FEATURE:

NAME/KEY: misc_feature
LOCATION: (12370)..(12370
OTHER INFORMATION: n is a,
FEATURE:

NAME/KEY: misc_feature
LOCATION: (14068)..(14068)
OTHER INFORMATION: n is a,
FEATURE:

NAME/KEY: misc_feature
LOCATION: (14071)..(14071)
OTHER INFORMATION: n is a,
FEATURE:

NAME/KEY: misc_feature
LOCATION: (14079)..(14079)
OTHER INFORMATION: n is a,
FEATURE:

NAME/KEY: misc_feature
LOCATION: (15654) .. (15654)
OTHER INFORMATION: n is a,
FEATURE:

NAME/KEY: misc_feature
LOCATION: (15658) .. (15658
OTHER INFORMATION: n is a,
FEATURE:

NAME/KEY: misc_feature
LOCATION: (15666) ..(15666)
OTHER INFORMATION: n is a,
FEATURE:

NAME/KEY: misc_feature
LOCATION: (16266)..(16266)
OTHER INFORMATION: n is a,
FEATURE:

NAME/KEY: misc_feature
LOCATION: (16270)..(16270
OTHER INFORMATION: n is a,
FEATURE:

NAME/KEY: misc_feature

or

or

or

or

or

or

or

or

or

or

or

or

or

or

or

or

or

or

or

or
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<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>

LOCATION: (16278).. (16278
OTHER INFORMATION: n is a,
FEATURE:

NAME/KEY: misc_feature
LOCATION: (17289).. (17289
OTHER INFORMATION: n is a,
FEATURE:

NAME/KEY: misc_feature
LOCATION: (17292)..(17292)
OTHER INFORMATION: n is a,
FEATURE:

NAME/KEY: misc_feature
LOCATION: (17300)..(17300
OTHER INFORMATION: n is a,
FEATURE:

NAME/KEY: misc_feature
LOCATION: (17537)..(17537)
OTHER INFORMATION: n is a,
FEATURE:

NAME/KEY: misc_feature
LOCATION: (17541)..(17541)
OTHER INFORMATION: n is a,
FEATURE:

NAME/KEY: misc_feature
LOCATION: (17549) .. (17549)
OTHER INFORMATION: n is a,
FEATURE:

NAME/KEY: misc_feature
LOCATION: (18266) ..(18266)
OTHER INFORMATION: n is a,
FEATURE:

NAME/KEY: misc_feature
LOCATION: (18268)..(18268)
OTHER INFORMATION: n is a,
FEATURE:

NAME/KEY: misc_feature
LOCATION: (18271).. (18271
OTHER INFORMATION: n is a,
FEATURE:

NAME/KEY: misc_feature
LOCATION: (18279)..(18279
OTHER INFORMATION: n is a,
FEATURE:

NAME/KEY: misc_feature
LOCATION: (21126} .. (21126
OTHER INFORMATION: n is a,
FEATURE:

NAME/KEY: misc_feature
LOCATION: (21133)..(21133)
OTHER INFORMATION: n is a,
FEATURE:

NAME/KEY: misc_feature
LOCATION: (21141).. (21141
OTHER INFORMATION: n is a,
FEATURE:

NAME/KEY: misc_feature
LOCATION: (21783)..(21783)
OTHER INFORMATION: n is a,
FEATURE:

NAME/KEY: misc_feature
LOCATION: (21788)..(21788
OTHER INFORMATION: n is a,
FEATURE:

NAME/KEY: misc_feature
LOCATION: (21796)..(21796)
OTHER INFORMATION: n is a,
FEATURE:

NAME/KEY: misc_feature
LOCATION: (21800)..(21800
OTHER INFORMATION: n is a,
FEATURE:

NAME/KEY: misc_feature
LOCATION: (23283)..(23283)
OTHER INFORMATION: n is a,
FEATURE:

NAME/KEY: misc_feature
LOCATION: (23287)..(23287
OTHER INFORMATION: n is a,
FEATURE:

or

or

or

or

or

or

or

or

or

or

or

or

or

or

or

or

or

or

or

or
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<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>

NAME/KEY: misc_feature
LOCATION: (23295).. (23295
OTHER INFORMATION: n is a,
FEATURE:

NAME/KEY: misc_feature
LOCATION: (25503) .. (25503)
OTHER INFORMATION: n is a,
FEATURE:

NAME/KEY: misc_feature
LOCATION: (25507) .. (25507
OTHER INFORMATION: n is a,
FEATURE:

NAME/KEY: misc_feature
LOCATION: (25515) .. (25516)
OTHER INFORMATION: n is a,
FEATURE:

NAME/KEY: misc_feature
LOCATION: (26047)..(26047
OTHER INFORMATION: n is a,
FEATURE:

NAME/KEY: misc_feature
LOCATION: (26051).. (26051
OTHER INFORMATION: n is a,
FEATURE:

NAME/KEY: misc_feature
LOCATION: (26059) .. (26059
OTHER INFORMATION: n is a,
FEATURE:

NAME/KEY: misc_feature
LOCATION: (26482)..(26482)
OTHER INFORMATION: n is a,
FEATURE:

NAME/KEY: misc_feature
LOCATION: (26486) ..(26486)
OTHER INFORMATION: n is a,
FEATURE:

NAME/KEY: misc_feature
LOCATION: (26494) ..(26494)
OTHER INFORMATION: n is a,
FEATURE:

NAME/KEY: misc_feature
LOCATION: (27190} .. (27190
OTHER INFORMATION: n is a,
FEATURE:

NAME/KEY: misc_feature
LOCATION: (27194) ..(27194)
OTHER INFORMATION: n is a,
FEATURE:

NAME/KEY: misc_feature
LOCATION: (27202)..(27202)
OTHER INFORMATION: n is a,
FEATURE:

NAME/KEY: misc_feature
LOCATION: (27535).. (27535
OTHER INFORMATION: n is a,
FEATURE:

NAME/KEY: misc_feature
LOCATION: (27543)..(27543)
OTHER INFORMATION: n is a,
FEATURE:

NAME/KEY: misc_feature
LOCATION: (27551).. (27551
OTHER INFORMATION: n is a,
FEATURE:

NAME/KEY: misc_feature
LOCATION: (28157).. (28157
OTHER INFORMATION: n is a,
FEATURE:

NAME/KEY: misc_feature
LOCATION: (28161} .. (28161
OTHER INFORMATION: n is a,
FEATURE:

NAME/KEY: misc_feature
LOCATION: (28169) .. (28169
OTHER INFORMATION: n is a,
FEATURE:

NAME/KEY: misc_feature
LOCATION: (28652)..(28652)
OTHER INFORMATION: n is a,

or

or

or

or

or

or

or

or

or

or

or

or

or

or

or

or

or

or

or

or
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<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>

FEATURE:
NAME/KEY: misc_feature
LOCATION: (28659) .. (28659

OTHER INFORMATION: n is a,
FEATURE:

NAME/KEY: misc_feature
LOCATION: (28667)..(28667)
OTHER INFORMATION: n is a,
FEATURE:

NAME/KEY: misc_feature
LOCATION: (29936)..(29936
OTHER INFORMATION: n is a,
FEATURE:

NAME/KEY: misc_feature
LOCATION: (29944) ..(29944)
OTHER INFORMATION: n is a,
FEATURE:

NAME/KEY: misc_feature
LOCATION: (29952)..(29952)
OTHER INFORMATION: n is a,
FEATURE:

NAME/KEY: misc_feature
LOCATION: (30819).. (30819
OTHER INFORMATION: n is a,
FEATURE:

NAME/KEY: misc_feature
LOCATION: (30827)..(30827
OTHER INFORMATION: n is a,
FEATURE:

NAME/KEY: misc_feature
LOCATION: (30835).. (30835
OTHER INFORMATION: n is a,
FEATURE:

NAME/KEY: misc_feature
LOCATION: (31123)..(31123)
OTHER INFORMATION: n is a,
FEATURE:

NAME/KEY: misc_feature
LOCATION: (31131).. (31131
OTHER INFORMATION: n is a,
FEATURE:

NAME/KEY: misc_feature
LOCATION: (31139).. (31139
OTHER INFORMATION: n is a,
FEATURE:

NAME/KEY: misc_feature
LOCATION: (31526) .. (31526
OTHER INFORMATION: n is a,
FEATURE:

NAME/KEY: misc_feature
LOCATION: (31531).. (31531
OTHER INFORMATION: n is a,
FEATURE:

NAME/KEY: misc_feature
LOCATION: (31539).. (31539
OTHER INFORMATION: n is a,
FEATURE:

NAME/KEY: misc_feature
LOCATION: (31943)..(31943)
OTHER INFORMATION: n is a,
FEATURE:

NAME/KEY: misc_feature
LOCATION: (31946) .. (31946
OTHER INFORMATION: n is a,
FEATURE:

NAME/KEY: misc_feature
LOCATION: (31949).. (31949
OTHER INFORMATION: n is a,
FEATURE:

NAME/KEY: misc_feature
LOCATION: (31952)..(31952)
OTHER INFORMATION: n is a,
FEATURE:

NAME/KEY: misc_feature
LOCATION: (31960)..(31960
OTHER INFORMATION: n is a,
FEATURE:

NAME/KEY: misc_feature
LOCATION: (31964) ..(31964)

or

or

or

or

or

or

or

or

or

or

or

or

or

or

or

or

or

or

or
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<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>

OTHER INFORMATION: n is a,
FEATURE:

NAME/KEY: misc_feature
LOCATION: (32127).. (32127
OTHER INFORMATION: n is a,
FEATURE:

NAME/KEY: misc_feature
LOCATION: (32132)..(32132)
OTHER INFORMATION: n is a,
FEATURE:

NAME/KEY: misc_feature
LOCATION: (32140) .. (32140
OTHER INFORMATION: n is a,
FEATURE:

NAME/KEY: misc_feature
LOCATION: (33268)..(33268)
OTHER INFORMATION: n is a,
FEATURE:

NAME/KEY: misc_feature
LOCATION: (33272)..(33272)
OTHER INFORMATION: n is a,
FEATURE:

NAME/KEY: misc_feature
LOCATION: (33280)..(33280
OTHER INFORMATION: n is a,
FEATURE:

NAME/KEY: misc_feature
LOCATION: (33284)..(33284)
OTHER INFORMATION: n is a,
FEATURE:

NAME/KEY: misc_feature
LOCATION: (33286)..(33286)
OTHER INFORMATION: n is a,
FEATURE:

NAME/KEY: misc_feature
LOCATION: (33691).. (33691
OTHER INFORMATION: n is a,
FEATURE:

NAME/KEY: misc_feature
LOCATION: (33695).. (33695
OTHER INFORMATION: n is a,
FEATURE:

NAME/KEY: misc_feature
LOCATION: (33703)..(33703)
OTHER INFORMATION: n is a,
FEATURE:

NAME/KEY: misc_feature
LOCATION: (33707)..(33707
OTHER INFORMATION: n is a,
FEATURE:

NAME/KEY: misc_feature
LOCATION: (34599) .. (34599
OTHER INFORMATION: n is a,
FEATURE:

NAME/KEY: misc_feature
LOCATION: (34603)..(34603)
OTHER INFORMATION: n is a,
FEATURE:

NAME/KEY: misc_feature
LOCATION: (34611).. (34611
OTHER INFORMATION: n is a,
FEATURE:

NAME/KEY: misc_feature
LOCATION: (34615) .. (34615
OTHER INFORMATION: n is a,
FEATURE:

NAME/KEY: misc_feature
LOCATION: (35012)..(35012)
OTHER INFORMATION: n is a,
FEATURE:

NAME/KEY: misc_feature
LOCATION: (35016) .. (35016)
OTHER INFORMATION: n is a,
FEATURE:

NAME/KEY: misc_feature
LOCATION: (35024) ..(35024)
OTHER INFORMATION: n is a,
FEATURE:

NAME/KEY: misc_feature

or

or

or

or

or

or

or

or

or

or

or

or

or

or

or

or

or

or

or

or
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<222> LOCATION: (35028)..(35028
<223> OTHER INFORMATION: n is a, ¢, g, or t
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (35404)..(35404)
<223> OTHER INFORMATION: n is a, ¢, g, or t
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (35408)..(35408
<223> OTHER INFORMATION: n is a, ¢, g, or t
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (35416)..(35416)
<223> OTHER INFORMATION: n is a, ¢, g, or t
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (35420)..(35420)
<223> OTHER INFORMATION: n is a, ¢, g, or t
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (35787)..(35787
<223> OTHER INFORMATION: n is a, ¢, g, or t
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (35791)..(35791
<223> OTHER INFORMATION: n is a, ¢, g, or t
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (35799)..(35799
<223> OTHER INFORMATION: n is a, ¢, g, or t
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (35803)..(35803)
<223> OTHER INFORMATION: n is a, ¢, g, or t
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (36209)..(36209
<223> OTHER INFORMATION: n is a, ¢, g, or t
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (36213)..(36213)
<223> OTHER INFORMATION: n is a, ¢, g, or t
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (36221)..(36221)
<223> OTHER INFORMATION: n is a, ¢, g, or t
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (36225)..(36225)
<223> OTHER INFORMATION: n is a, ¢, g, or t
<400> SEQUENCE: 1
cgcdsdacyr tnakrtndac ycatnnatga gacacctgcg ccttctacct tcaactgtge 60
ccggegacct ggctgtgatt atgetggagg actttgtgaa tacagttetyg gaggacgaac 120
tgcatccaga gccatttgag ctgggaccta cacttcagga cctectatgat ctggaggtag 180
atgcccatga tgacgaccct aacgaagagg ctgtgaattt aatatttecca gaatctatga 240
ttcttcagge tgacatagec agtgaageca tagttactece tctacatact cccactetge 300
ctcccatace tgaattggag gaggatgaag aaatagacct ceggtgctac gaggaaggtt 360
ttccteccayg cgattcagag gacgaacagg gtgagcagea gatggetcta atctetgatt 420
tagcettgtgt gattgtggag gaacaagttyg tgattgaaaa atctaccgag ccagtacaag 480
getgtaggaa ctgccagtat caccgggata agtccggaga cccgaacgcet teetgegetce 540
tgtgttacat gaaatctact ttcagcttta tttacagtece ggtgtcagag gatgagtcat 600
caccctcaga agaagaccac ccgtcteece ctgagetgte aggegaaacyg cccctgcaag 660
tgcacagacc caccccagte agagecagtyg gcgagaggeg agcagetgta gaaaaaattg 720
aggacttgtt acatgacatg ggtggggatyg aacctttgga cctgagettyg aaacgcccca 780
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ggaactagcg cdsdacyrtn akrtndacyc atnnatgaga cacctgcgcc ttctaccttce 840
aactgtgcce ggcgacctgg ctgtgattat getggaggac tttgtgaata cagttctgga 900
ggacgaactyg catccagagce catttgagct gggacctaca cttcaggacc tctatgatcet 960
ggaggtagat gcccatgatg acgaccctaa cgaagaggct gtgaatttaa tatttccaga 1020
atctatgatt cttcaggctg acatagccag tgaagccata gttactccte tacatactcce 1080
cactctgect cccatacctg aattggagga ggatgaagaa atagacctcc ggtgctacga 1140
ggaaggtttt cctecccagcecg attcagagga cgaacagggt ccggtgtcag aggatgagtce 1200
atcaccctca gaagaagacc acccgtctece cectgagetyg tcaggcgaaa cgcccectgca 1260
agtgcacaga cccaccccag tcagagecag tggcgagagyg cgagcagcetyg tagaaaaaat 1320
tgaggacttg ttacatgaca tgggtgggga tgaacctttg gacctgagct tgaaacgccce 1380
caggaactag cgcdsdacyr tnbkrtndac ycatnatgga tgtgtggact atccttgcag 1440
actttagcaa gacacgccgg cttgtagagg atagttcaga cgggtgctcce gggttcetgga 1500
gacactggtt tggaactcct ctatctcgec tggtgtatac agttaagaag gattataaag 1560
aggaatttga aaatcttttt gctgactgct ctggtctgect agattctctg aatcttggece 1620
accagtccct tttccaggaa agggtactcce acagcecttga tttttceccage ccagggcgca 1680
ctacagccgg ggttgctttt gtggttttte tggttgacaa atggagccag gacacccaac 1740
tgagcagggg ctacatcctg gacttcgcag ccatgcacct gtggagggcce tggatcaggce 1800
agcggggaca gagaatcttg aactactggc ttctacagcc agcagctceg ggtcettette 1860
gtctacacag acaaacatcc atgttggagg aagaaatgag gcaggccatg gacgagaacce 1920
cgaggagcgg cctggaccct ccgtcggaag aggagctgga ttgacgedsd acyrtnbkrt 1980
ndacycatna tggagccagg acacccaact gagcaggggce tacatcctgg acttcgcage 2040
catgcacctg tggagggcct ggatcaggca gcggggacag agaatcttga actactggcet 2100
tctacagcca gcagctcecegg gtettetteg tctacacaga caaacatcca tgttggagga 2160
agaaatgagg caggccatgg acgagaaccce gaggagcegge ctggacccte cgtcggaaga 2220
ggagctggat tgaatcaggt atccagectg tacccagagce ttagcaaggt gctgacatcce 2280
atggccaggg gagtgaagag ggagaggagce gatgggggta ataccgggat gatgaccgag 2340
ctgactgcca gtctgatgaa tcggaagcgce ccagagcegcece ttacctggta cgagctacag 2400
caggagtgca gggatgagat aggcctgatg caggataaat atggcctgga gcagataaaa 2460
acccattggt tgaacccaga tgaggattgg gaggaggcta ttaagaagta tgccaagata 2520
gccetgegee cagattgcaa gtacatagtg accaagaccg tgaatatcag acatgcctge 2580
tacatctcgg ggaacggggce agaggtggtce atcgataccce tggacaaggce cgccttcagg 2640
tgttgcatga tgggaatgag agcaggagtg atgaatatga attccatgat cttcatgaac 2700
attaagttca atggagagaa gtttaatggg gtgctgttca tggccaacag ccacatgacc 2760
ctgcatggct gecagecttett cggtttcaac aacatgtgeg ccgaggtctg gggagctgcet 2820
aagatcaggg gatgtaagtt ttatggctgc tggatgggcg tggtcggaag acccaagagc 2880
gagatgtctg tgaagcagtg tgtgtttgag aaatgctacc tgggagtctc taccgagggce 2940
aatgctagag tgagacactg ctcttccatg gagacgggct gecttectgect ggtgaagggce 3000
acggcctete tgaagcataa tatggtgaag ggctgcacgg atgagcgcat gtacaacatg 3060
ctgacctgeg attcgggggt ctgccatatce ctgaagaaca tccatgtgac ctceccaccce 3120
agaaagaagt ggccagtgtt tgagaataac ctgctgatca agtgccatat gcacctgggt 3180
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gccagaaggg gcaccttcca gcecgtaccag tgcaacttta gecagaccaa gctgctgttyg 3240
gagaacgatg ccttctccag ggtgaacctg aacggcatct ttgacatgga tgtctcggtyg 3300
tacaagatcc tgagatacga tgagaccaag tccagggtgce gecgcttgcga gtgcgggggce 3360
agacacacca ggatgcaacc agtggccectg gatgtgacag aggagctgag accagaccac 3420
ctggtgatgg cctgtaccgg gaccgagttce agctccagtg gggaggacac agattagcegce 3480
dsdacyrtnr tndacycatn atgaacggga ccggcggggce cttcecgaaggyg gggcttttta 3540
gccettattt gacaacccge ctgccgggat gggccggagt tcegtcagaat gtgatgggat 3600
ctacggtgga tgggcgccca gtgctteccag caaattcectce gaccatgacce tacgcgaccg 3660
tggggagcte gtcgetecgac agcaccgecg cagecgegge agcecgcagece gccatgacag 3720
cgacgagact ggcctcgagce tacatgccca gcagcagcag tagcccecctcet gtgeccagtt 3780
ccatcatcege cgaggagaaa ctgctggecce tgetggcaga gcetggaagece ctgagecgece 3840
agctggecge cctgacccag caggtgtceg agetccgega gcaacagcag cagcaaaata 3900
aatgacgceds dacyrtnvar tndacycatn cmmntnatgg agacgcgagyg gcgaagaccg 3960
tgccegttte agcaccagca ggatgagtct caagcgcacce cttgcaageyg cccageccgg 4020
ggeccaccee ttcaccgtga cggagaccac actcacgegg accctgagac cctggaagga 4080
catgacgctg geccgegcetgg acgcccatceg tctegtgece tacagtcgca gtecgtceccaa 4140
ccececgaaac gaggaagtcet getggatcga gatgccegtag agcacgtcac cgagetcetgg 4200
gaccgectygyg agcetectcete gcagacccte gecaagatge ccatggecga cggactcaag 4260
ccectgaaaa actttgctte cctgcaagag ctectctege tgggcgggga ccegectecte 4320
ggcgagceteyg tccgggaaaa cctcecaagtce agagacatge tcaacgaggt ggecccccte 4380
ctccgggacg acggcagetg catgtcecttg aactaccacce tgcaacccgt catcggggtce 4440
atctacggcce cgaccgggtyg cggcaagtcce cagcectgttga gaaacctget ctectegecag 4500
ctcatcaccce ccgcecccgga aaccgttttt ttcatcgecce cgcaggtgga catgatcccce 4560
ccetecgaga tgaaagcctyg ggagatgcag atctgtgagg ggaactttge ceccggggecce 4620
gagggaacta tcgtccccca atctggcacce ctccgeccca aattcattaa aatgtcttat 4680
gatgatctca cccaggagca taattacgat gtctctgacc ccagaaacgt ctttgccaaa 4740
geegeagecee acgggceccat cgccatcatce atggatgagt gcatggaaaa cctgggceggyg 4800
cacaagggcg tctccaaatt cttccacgca ttcececctteca agttgcatga taagttccce 4860
aagtgcacgg gctacaccgt cctggtggtce ctgcacaaca tgaaccccag gcegggatctg 4920
ggcggcaaca ttgccaacct caagatccag gccaaactge acatcatctce ceccccgeatg 4980
catcectece agctcaaccg cttcegecaac acctacacca aggggctcece cgtggecate 5040
agtctecctee ttaaggacat catccagcac cacgcccagce gcecccctgcta tgactggatce 5100
atctacaaca cgaccccaga gcacgaggece atgcagtggt gctaccteca ccceccgggac 5160
gggctcatge ccatgtacct caacatccaa tcccacctet accgggtcecct ggaaaaaatc 5220
caccgcacte tcaatgatcg ggagaggtgg accagggcect accgcgcegeyg aaaaaataaa 5280
taacgcdsda cygnrtnrtn rtndacycat ncmmntnatg gccttggttce aaagtcacgg 5340
ggecegtggt cttcacgcag aggcggcaga tccaggatgt caaccgecge gtegtcegege 5400
acgccagege tctcagggceg cagcaccggg acctgceccga gegecacgece gacgtgecte 5460
tgccgecect gecegegggg ccggaaccge cgetgecgece gggagcegegt ccgegacace 5520
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gcttctaaaa gegecaccgeg gcacggtegt ggcccegege agetacgggce tcatgcaatg 5580
cgtggacacg gccaccaact cacccgtaga aatcaagtac catctgcatc tcaagcacge 5640
cctcaccecge ttctacgagg tcaacctcag aaccctgecce ccggacctgg atctcecgega 5700
caccatggac agctcccaac tgcgcegecct cgtetteget ctecgeccee gecgegecga 5760
gatctggacc tggctcccge gcgggctegt cagcectctec gtectegagg agcecccaggyg 5820
tgagtcccac gcaggcgaac atgaaaacca ccagccaggyg ccgecactece tgaagttcect 5880
cctcaaggga cgcgctgtgt atctcecgtgga tgaggtacag cccgtgcage getgcgagta 5940
ctgcggacgce ttttacaagc atcagcacga gtgctcggtt cgccggcggg atttctactt 6000
tcatcacatc aacagccact cgtccaactg gtggcaggaa atccagttct teccaatcegg 6060
ctctcatecct cgcacggage ggctctttgt cacctacgat gtagaaacct acacctggat 6120
ggggtcctte ggcaagcage tcgtceccectt catgectggte atgaaattct ccggggaccce 6180
cgagctggtce geccctcecgete gegatctcege cgtgegetta cgctgggatce getgggageg 6240
ggaccccecete accttcectact gcgtcacacce cgaaaagatg gecgtgggece agcagttecyg 6300
tctetttege gacgagctece agaccctcat ggcccgcegag ctcectgggcett ccecttcatgea 6360
agccaaccca catcteccagg agtgggeget cgagcagcac ggactgcaat gccccgagga 6420
cctcacctac gaggagctca aaaagctgec geacatcaaa ggcecgeccge gattcatgga 6480
actctacatc gtcgggcaca acatcaacgg cttcgacgag atcgtgcteg ccgcecccaggt 6540
catcaacaac cgagccteceg teccgggcece tttecgecatce acccgcaatt tcecatgecgeg 6600
ggcaggcaag attctcttca atgacgtcac tttcgectctg cctaaccceccce tctcgaagaa 6660
gcgcaccgat ttcgagectcet gggagcacgg cggctgcgac gactcggatt tcaagtacca 6720
gttcttgaaa gtcatggtca gagacacctt cgccctgacg cacacctcgce tccgcaaggce 6780
cgctcaaget tacgccctece ccegtggagaa gggctgetgt cecctacaagg ccegtgaacca 6840
tttctacatg ctgggctctt accgtgcgga cgatcgagga ttcccgctee gggagtactg 6900
gaaggatgac gaggagtacg ccctcaaccg cgagcetgtgg gagaagaaag gagaggcggyg 6960
ttatgacatc atccgcgaaa cgctggacta ctgtgccatg gacgtceccteg tcaccgccga 7020
gctegtegee aagctgcaag actecctacge gcacttcate cgecgactecgg tceecgectgece 7080
tcacgcccac tttaacatct tceccaacggce caccatctece tcaaactcge acgccatctt 7140
tcgccagate gtcecttececgeg ccgagcagcee ccagcgcacce aatctcecggece cegecttett 7200
ggcececcteg cacgagttgt atgactacgt gecgcgceccage atccgegggg ggcegctgtta 7260
tceccacctac atcggcatcecce tcetcggagcee catctatgtg tatgacatct geggcatgta 7320
cgectecgee ctcacgecate ccatgeectg gggtecgece ctcaaccect acgagcgage 7380
gctggecgee cgcgagtgge agatggectt ggatgatgca tcectcaaaaa tcgattattt 7440
tgacaaggaa ctctgtcegg gcatcttcac catcgatgeg gacccccctg acgagcatct 7500
gcttgatgtyg ctgcccecegt tetgectegeg caagggcggce agactctget ggaccaacga 7560
geeectgege ggegaggtgg ccaccagegt ggacctggte accctgcata accgeggetg 7620
gegegtcagyg atcgtgcceg acgagegcac caccgtette cecgaatgga agtgegtege 7680
gecgegagtat gtccagctaa acatcgegge caaggagcge gecgaccgtg acaaaaatca 7740
gaccatgaga tccatcgcca agcttctatce caacgcccte tatggctect ttgccaccaa 7800
gcttgacaat aaaaaaattg tcttttetga ccagatggat gaaagtctcc taaaaagcat 7860
cgcggcaggg caggccaaca tcaaatccte ctegttteta gaaactgaca acctgagtgce 7920
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cgaggtcatg cccgetctag agagggaata cctaccccaa cagetggege tcegtggacag 7980
cgacgcggaa gagagtgagg acgagcacag acccgceccece ttttatacce cccegteggg 8040
gaccecceggt cacgtggect acacctacaa gccaatcacc ttecttggatg cggaggaggyg 8100
ggacatgtgt ctgcacacgg tggaaaaggt ggaccccectg gtggacaacg accgctaccce 8160
ctcgcacgtg gectectttyg tettggegtg gacgecgegece tttgtctcag agtggtceccga 8220
gtttctctac gaggaggacce gcgggacgtc cctgcaggac aggcccatca agtceccgtceta 8280
cggggacace gacagectgt ttgtcaccga gegeggacac agactcatgyg agacgcgagg 8340
taagaagcgce atcaaaaaga acgggggaaa actggttttt gaccccgage agcccgaget 8400
cacctggete gtcgagtgceg agaccgtetg cgeccactge ggageggacyg ccttegecce 8460
cgagtcegtt tttctcgcac ccaagctcta cgcecctgcaa teccttcectet gtecccegectg 8520
cgggegetet tccaagggca agectcegege caagggcecac gecgecgagyg ccctcaacta 8580
cgagctcatg gtcaactgct atctcgeccga cgcgcagggce gaagaccgtg cccgtttcag 8640
caccagcagg atgagtctca agcgcaccct tgcaagcgece cageccgggyg cccaccectt 8700
caccgtgacyg gagaccacac tcacgcggac cctgagacce tggaaggaca tgacgetgge 8760
cgegetggac gcccategte tecgtgeccta cagtcegcagt cgteccaacce cccgaaacga 8820
ggaagtctgce tggatcgaga tgccgtagcg cdsdacyrtn krtndacyca tnnatgagag 8880
ccgattggga agaactggat ttcecctgccac cagttggacg agtggctgtt gatgtgatga 8940
aagtagaaat cccgccggceg aaccgagcac tcgtgctgat gettgtaaaa gegtcecgcag 9000
tactcgcage gctgcacggg ctgtacctca tccacgagat acacagcgeg teccttgagg 9060
aggaacttca ggagtggcgg ccctggetgg tggttttcecat gttcecgectge gtgggactca 9120
ceetgggget cctegaggac ggagaggetg acgagceccege gegggagceca ggtccagate 9180
teggegegge gggggcggag agcgaagacg agggcegcegea gttgggaget gtccatggtg 9240
tcgeggagat ccaggggacg tgacgcedsda cygnrtntrt ndacycatnc mmntnatggce 9300
cttgagcegtce aatgactgcg cgcgtctcac cggccagacce gtgccgacca tggattattt 9360
cctgecgetyg cgcaacatct ggaaccgegt cegegagtte cegegegect ccaccaccge 9420
cgeccggcecate acctggatgt cccgctacct ctacggctac caccgectca tgctcgagga 9480
cctggecceg ggcegegeogg ccacccageg ctggecgete taccgccage cgcecgecgca 9540
cttcctagte ggctaccagt acctcegtgcg cacctgcaac gactacgtet tegactecgeg 9600
cgectteteg cggctcaggt actccgaggt cgtgcaacce ggcectgcaga ccgtcaactg 9660
gtcgcectcatyg gccaactgca cctacaccat caacaccggg gcctaccacc gcttegtega 9720
catggatgac ttccaggaca ccctcacceg cgtgcaacag gccatccteg ccgagegegt 9780
cgtegecgac ctggegeteg tgcagecget caggggegte ggggtcacce gcatggaaga 9840
ctcecgectee gecagtgatg acattgaaag gctcatgcat gactactaca agaacctgag 9900
ceggtgteag ggccaggect ggggcatgge cgageggete cgcatccage aagcegggace 9960
caaggacctg gtcctceccteg ccaccatcceg ccgecttaaa aacgcctact tcaattacat 10020
catcagcaac cgcaattcta acagcgtcca cagggctgct acgtgtttga gecttaccttg 10080
cgactgcgat tggctagacg ctttectcga aagattctcece gatcecggteg atctcecgacge 10140
gctcacgtece cctacaccge aattgataag atgcatcgtce agcgccctat cgetgcccaa 10200
cggggaccceg ccccattacce gggagatgac cggcggegte ttcacgcectge gtectegega 10260
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acggggtege
cgtegacegt
agaggaagaa
ggatttcgag
gctcacggte
catggaaagg
gtacttctte
caactacgcc
gegegacgece
cttetegeag
cegeggegat
caactcggge
ttctgttgaa
gcagatccag
cegggaccetyg
accgeegetyg
acycatnatg
cgeggecgta
cgaagggetyg
gaaggacgtg
ggagcccgag
ggaccgccag
cececegaegage
gcaggagcge
ggaggtggcee
ggacagcaag
ggcgttcagg
gatcaacatc
ggcggegate
gacgcegtac
gctcaaggty
ggecgtgage
cecgggegetyg
cctgeattygyg
tgaggatgag
tndacycatn
geegtecggt
gacccgcaac
ggaggcggtyg

cgcgetggeg

geegtcaccey

ctceceggtyge

atagaagaag

cgcgaggtge

teggeccgea

ctggaggeca

gtcaccgage

gtcttcacge

gacggggacyg

ctaatgggte

ctccaggagyg

gacgtgcaag

ctgtctttea

gatgtcaacc

ccegageged

ccgecgggayg

catccegtec

acaggcgecg

gcgagactgg

cgceeggegt

gagatgcgeg

cgegtgetge

gegcacgtgg

aacttccaaa

ctgggectga

cctetgacgyg

gaggecgcetge

ttgcagagca

aactactcgg

gtgcccatag

ctgacgctga

acgagccgge

gtagggggcyg

cagccgagec

gaagaggagyg

atgtcccage

ctagcategyg

ccecgagtect

gtcecctete

gagaacaagg

aaaccatgeg

gtegeegteg

aggtcgtcat

gegecaccat

acgcccagtt

tcggcgacat

acatcgecac

ggcacgtgga

tggtctacag

gecatctcgaa

aggagatcga

agatcctgeg

ggttcaaagt

geegegtegt

acgccgacgt

cgegteegeg

tgcgccaaat

gegetageca

gggCgCCgtC

acgtgectge

actgceggtt

dcgacgagga

cggeggecaa

agagtttcaa

tgcacctgtyg

cgcagetgtt

tgaacatcge

tcgtagtgea

tgctgagect

acaaggaggt

gegacgacct

ggcgcgagct

ccgecggcegyg

ggcgegectt

aggatgcacc

aagccecgga

acgactggga

ttagacaaca

ggaccaacce

ccatcegtec

tegecgecge

tegtegggec

ggaagaagag

cgcecgagete

tttcaacttc

cagcgagatg

caccctcaac

gctcaaccte

cegegtetygyg

tgacctegee

gcagttcatyg

tcaggccgec

cacggggecc

cgcegcacged

gectetgecy

acaccgette

gegteccace

gccacagaca

cceggagega

gcagaacctyg

tegggeggge

tttcgageeyg

cctggtgacy

caaccacgtyg

ggacctggcg

CCtggtggtg

cgagcccgag

ggagcgcagc

gggcaagttt

gaagatagac

gggcgtgtat

gagcgaccege

cgaggagtec

ggaggccgcc

cgttgcgggg

cccegecata

ggccgcgatg

gecgecaggece

cacgcacgag

cgacgaggec

ggggagatga tcgagcegett
cecgecaccac caccgececae
gaagaggagg aggtccccgg
atcecggetee tggaagacga
geegtggatt tctacgagge
cceetgegee getggatcat
tacctettee agegectgeg
gegeaggtgg tcatgegege
aacgagagcyg gcctgggege
geccaccgtgg agegcgeggg
tccgagateg cctaccagga
gtcaatgacg ccgagattga
gtggtcttca cgcagaggeg
agcgctctca gggcegcagca
ccectgeceyg cggggecgga
taacgcdsda cyrtnkrtnd
cceceecggega ccaccgcegac
gagatggact tggaagaggg
cacccecgeg tgcagetgea
ttcagggacce gcagcegggga
agggagctgce gcgagggect
aacgagcaga cggggatcag
gectacgage agacggtgaa
cgcacgctga tagegegega
gaggccatceg tgcagaacce
cagcacagca gggacaacga
ggtegetgge tgetggaget
ctgagectgyg ccgagaaggt
tacgcgcgca agatttacaa
agcttttaca tgcgcatgge
cgcaacgace gcatccacaa
gagctgatge tgagectgeg
tacttcgaca tgggggcgga
tacggtccag aggacttgga
tactgacgced sdacyrtnar
agggcggege tgcaaageca
caacgcatca tggccctgac
aacagactct cggccattet
aaggtgctgg cgatcgtgaa

gggetggtgt acaacgccct

10320

10380

10440

10500

10560

10620

10680

10740

10800

10860

10920

10980

11040

11100

11160

11220

11280

11340

11400

11460

11520

11580

11640

11700

11760

11820

11880

11940

12000

12060

12120

12180

12240

12300

12360

12420

12480

12540

12600

12660
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gctggagege gtgggccgcet acaacagcac gaacgtgcag tccaacctgg accggctggt 12720
gacggacgtg cgcgaggccg tggcgcageg cgagceggttce aagaacgagg gcctgggcete 12780
gctggtggeg ctgaacgect tcectggcegac gcagecggeg aacgtgccgce gagggcagga 12840
cgattacacc aactttatca gcgcgcetgceg gctgatggtg accgaggttce cccagagcga 12900
ggtgtaccag tcgggcccgg actacttttt ccagacaagce cggcagggcce tgcagacggt 12960
gaacctgagt caggctttca agaacctgcg cgggctgtgg ggcgtgcagg cgcccgtggg 13020
cgaccggtceg acggtgagca gcettgctgac gcccaacteg cggctgcectge tgctgetgat 13080
cgegeectte accgacageg gcagcgtgaa ccgcaactceg tacctgggece acctgetgac 13140
gctgtacege gaggccatag gccaggcegca ggtggacgag cagaccttcce aggagatcac 13200
gagcgtgage cgcgcegcetgg ggcagaacga caccgacagt ctgagggcca ccctgaactt 13260
tttgctgaca aatagacagc agaagatccc ggcgcagtac gcactgtcgg ccgaggagga 13320
aaggatcctg agatatgtgc agcagagcgt agggctgtte ctgatgcagg agggtgccac 13380
ccecagegece gcegctggaca tgaccgcgceg caacatggaa cctagcatgt acgccgccaa 13440
ccggecegtte atcaataage tgatggacta cctgcaccge gcggcggcca tgaacacgga 13500
ctactttaca aacgccatat tgaacccgca ctggctteccg ccgecggggt tctacacggg 13560
cgagtacgac atgcccgacc ccaacgacgg gttectgtgg gacgacgtgg acagegceggt 13620
gttctecgeeg acctttcaaa agcgccagga ggcgcecgceceg agcgagggcg cggtggggag 13680
gagcecccttt cctagettag ggagtttgeca tagcttgceg ggctcggtga acagceggcag 13740
ggtgagcegg ccgegettge tgggcgagga cgagtacctg aacgactcecgce tgctgcagece 13800
gccgegggte aagaacgcca tggccaataa cgggatagag agtctggtgg acaaactgaa 13860
ccgctggaag acctacgcte aggaccatag ggagcctgeg cccgcgecge ggcgacageg 13920
ccacgaccgg cagcggggcece tggtgtggga cgacgaggac tcggccgacg atagcagcegt 13980
gttggacttg ggcgggagcg gtggggccaa cccgttegeg catctgcagce ccagactggg 14040
gcggeggatg ttttgacged sdacyrtnrt ndacycatna tgaggcgtgce ggtggtgtct 14100
tcetetecte cteectegta cgagagegtg atggcgcagg cgaccctgga ggtteegttt 14160
gtgcctecege ggtatatgge tcectacggag ggcagaaaca gcattcegtta ctcecggagetg 14220
gcteegcagt acgacaccac tcgegtgtac ttggtggaca acaagtcggce ggacatcget 14280
tcectgaact accaaaacga ccacagcaac ttcecctgacca cggtggtgca gaacaacgat 14340
ttcacceceg ccgaggccag cacgcagacg ataaattttg acgageggtce geggtgggge 14400
ggtgatctga agaccattct gcacaccaac atgcccaatg tgaacgagta catgttcacc 14460
agcaagttta aggcgcgggt gatggtggct agaaagcatc ccaaagatgt agatgccagt 14520
gatttaagca aggatatctt agagtataag tggtttgagt ttaccctgcc cgagggcaac 14580
ttttcecgaga ccatgaccat agacctgatg aacaacgcca tcttggaaaa ctacttgcaa 14640
gtggggcggce agaatggcgt gctggagagce gatatcggag tcaagtttga cagcaggaat 14700
ttcagactgg gctgggaccce ggtgaccaag ctggtgatge caggggtcta cacctacgag 14760
gcctteccace cggacgtggt gctactgceg ggctgegggg tggacttcac cgagagceccge 14820
ctgagcaacc tcctgggcat tcgcaagaag caacctttte aagagggctt cagaatcatg 14880
tatgaggatc tagaaggggg taacatcccc gctcectcectgg ataccaaaaa atatctggat 14940
agcaagaagg aacttgagga tgctgccaag gaagctgcaa agcaacaggg agatggtget 15000
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gtcactagag gcgataccca cctcactgta gctcaagaaa aagcagctga aaaggagcta 15060
gtgatcgtac caattgaaaa ggatgagagc aacagaagtt acaacctgat caaggacacc 15120
catgacaccc tgtaccgaag ctggtacctg tcctatacct acggggaccce cgagaagggg 15180
gtgcagtcegt ggacgctgct caccaccceg gacgtcacct gcecggcgcgga gcaagtctac 15240
tggtcgetge cggacctcat gcaagacccce gtcaccttee gectctaccca gcaagtcage 15300
aactacccecg tggteggege cgagctcatg ccecttceegeg ccaagagctt ttacaacgac 15360
ctcgeegtet actcccaget catccgcage tacacctcecce tcacccacgt cttcaaccge 15420
ttccececgaca accagatcct ctgccgecceg cccgcgecca ccatcaccac cgtcagtgaa 15480
aacgtgectg ctctcacaga tcacgggacg cttceccgetge gcagcagtat ccgcggagte 15540
cagcgagtga ccgtcactga cgcccegtege cgcacctgte cctacgtcta caaggccctg 15600
ggcatagtcg cgccgcgcegt gctcteccagt cgcaccttct aacgedsdac yrtnvrtnda 15660
cycatnatgt ctattctcat ctcgcccage aataacaccg gctggggtet tactaggcce 15720
agcaccatgt acggaggagc caagaagcgc tcccagcagce accccgtcecg cgtcecegeggt 15780
cacttcegeg cteectgggg agecttacaag cgggggcegca ctgccaccge cgccgecgtg 15840
cgcaccaccg tcgacgacgt catcgactceg gtggtcgecg acgcgcgcaa ctacaccccece 15900
gccececteca cegtggacge ggtcatcgac agegtggtgg ccgacgcgceg cgactatgee 15960
agacgcaaga gccggcggceg acggatcgcec aggcgccace ggagcacgcece cgccatgege 16020
gccgeceggyg ctetgetgeg ccgegccaga cgcacgggec gcecgggccat gatgcegagee 16080
gcgegecgeg ccgecactge accecccegca ggcaggacte gcagacgagce ggcecgcecgee 16140
gctgecgegyg ccatctcectag catgaccaga cccaggcgeg gaaacgtgta ctgggtgcege 16200
gactccgtca cgggegtgceg cgtgceccegtg cgcacccgte ctectegtcee ctgacgedsd 16260
acyrtnvrtn dacycatnat gtcaaagcgc aaaatcaagg aggagatgct ccaggtcgte 16320
gcceecggaga tttacggace cccggaccag aaaccccgca aaatcaagcg ggttaaaaaa 16380
aaggatgagg tggacgaggg ggcagtagag tttgtgcgcg agttcgctcecce geggeggcge 16440
gtaaattgga aggggcgcag ggtgcagcgce gtgttgcgge ccggcacggce ggtggtgtte 16500
acgcceggeg agcggtcecte ggtcaggage aagcgtaget atgacgaggt gtacggcgac 16560
gacgacatcc tggaccaggc ggcggagcgg gcgggcgagt tcegectacgg gaageggteg 16620
cgcgaagagg agctgatcte getgcecegetg gacgaaagca accccacgcece gagcctgaag 16680
ccegtgaccece tgcagcaggt getgcecccag gcggtgetge tgccgagcecg cggggtcaag 16740
cgcgagggceg agagcatgta cccgaccatg cagatcatgg tgcccaageg ccggegcegtg 16800
gaggacgtgc tggacaccgt gaaaatggat gtggagccceg aggtcaaggt gcgccccatce 16860
aagcaggtgg cgccgggcect gggcgtgcag accgtggaca ttcagatccce caccgacatg 16920
gatgtcgaca aaaaaccctce gaccagcatc gaggtgcaga ccgacccctg gcteccagee 16980
tccaccgecta cecgtectcecac ttttaccgee gccacggcta ccgagectece caggaggcga 17040
agatggggcg ccgccagceceg gcetgatgece aactacgtgt tgcatcctte catcatcceg 17100
acgccgggcet accgcggcac ccggtactac gccagccgca ggcgcccagce cgccaaacge 17160
cgeccgecgca ctgccacceg cegecegtetg gccecccgece gegtgegecg cgtaaccacg 17220
cgecggggece gcectegetegt tetgeccacce gtgegctace accccagcat cctttaacge 17280
dsdacyrtnr tndacycatn atggctctca cttgccgecct gcgcatccce gtcccgaatt 17340
accgaggaag atcccgcecge aggagaggca tggcaggcag cggcctgaac cgccgecgge 17400
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ggcgggccat gcgcaggcge ctgagtggeg ggtttetgec cgcgctcatce cccataatcg 17460
ccgeggecat cggcacgatce ccgggcatag cttecgttge gectgcaggeg tegcagegee 17520
gttgacgceds dacyrtnvrt ndacycatna tggaagacat caattttgcg tccctggctce 17580
cgecggcacgg cacgcggceceg ttcatgggca cctggaacga gatcggcacce agccagctga 17640
acgggggcgce cttcaattgg agcagtgtct ggagcgggct taaaaatttc ggctcecgacge 17700
tceggaccta tgggaacaag gcectggaata gtagcacggg gcagttgtta agggaaaagce 17760
tcaaagacca gaacttccag cagaaggtgg tggacgggct ggcectcggge attaacgggg 17820
tggtggacat cgcgaaccag gccgtgcage gcgagataaa cagccgcectg gaccegegge 17880
cgcccacggt ggtggagatg gaagatgcaa ctcttcecgee gcccaaaggce gagaagcgge 17940
cgecggececga cgcggaggag acgatcectge aggtggacga gccgccctceg tacgaggagg 18000
ccgtcaaggce cggcatgccecc accacgcgca tcatcgegee gctggceccacg ggtgtaatga 18060
aacccgecac ccttgacctg cctceccaccac ccacgcccege tccaccgaag gcagcectccgg 18120
ttgtgcaggce ccctecggtyg gegaccgecg tgcgceccgegt ccccgeccge cgccaggcece 18180
agaactggca gagcacgctg cacagtatcg tgggcctggg agtgaaaagt ctgaagcgcece 18240
gccgatgcta ttgacgedsd acyrtnhnrt ndacycatna tggccacccce ctcgatgatg 18300
ccgcagtggg cgtacatgca catcgecggg caggacgcect cggagtacct gagccecegggt 18360
ctggtgcagt ttgcccgege caccgacacg tacttcagcee tgggcaacaa gtttaggaac 18420
cccacggtgg ccccgaccca tgatgtgacce acggaccggt cccagegtet gacgetgcege 18480
ttegtgeceg tggatcgcga ggacaccacg tactcgtaca aggcgegcett cactcetggece 18540
gtgggcgaca accgggtgct agacatggcc agcacgtact ttgacatccg cggegtcecctg 18600
gaccgcggte ccagcttcaa accctacteg ggcacggctt acaacagttt ggcccccaag 18660
ggcgeccceca actccagtca gtggactgac aaagaacggc aaaatggtgg acaaccaccc 18720
actacaaaag atgttacaaa aacattcgga gtagcagcca ggggagggct tcatattact 18780
gataaaggac tacaaatagg agaagatgaa aataacgagg atggtgaaga agagatatat 18840
gcagacaaaa ctttccagce agaacctcaa gtaggagagg aaaactggca agatactgat 18900
gttttctatg gcggcagage gcttaaaaag gaaaccaaaa tgaaaccatg ctatggctct 18960
tttgccagac ctaccaatga aaaaggaggt caagctaaat ttttaaatgg cgaaaacggt 19020
caaccttcta aagatcaaga tattacatta gctttctttg atcttaaaca aaatgacact 19080
ggaactactc aaaaccagcc agatgttgtc atgtacactg aaaatgtgta tctggaaacc 19140
ccagacaccce atgtggtgta caaacctggce aaggaagata caagctccge tgctaacctt 19200
acacaacagt ccatgcccaa caggcccaac tacattggtt tcagggacaa ctttgtgggg 19260
ctcatgtatt acaacagcac tggcaacatg ggtgtgctgg ctggtcaggc ctctcagttg 19320
aatgctgtgg ttgacttgca agacagaaac accgagctgt cttatcagect cttgctagat 19380
tctetgggtyg acagaaccag atactttage atgtggaatt ctgcggtgga cagctatgat 19440
ccagatgtca ggatcattga gaatcacggt gttgaagatg agcttccaaa ttattgctte 19500
ccactggatg gatctggcag caataccgca tatcaaggtg ttaaatatga aaacggagct 19560
ggcaatggaa gctggaaagt agatggcgaa gttgcttctce agaatcagat cgccaagggt 19620
aatctgtatg ccatggagat aaaccttcag gccaacctgt ggaagagttt tctgtactcg 19680
aacgtggcgce tgtatctacc agactcecctac aagtacacgce cggccaacat cacgctgcce 19740
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accaacacca acacctacga gtacatgaac ggccgcgtgg tggcaccctce getggtggat 19800
gcctatgtceca acatcggtge ccgetggteg ctggacccca tggacaacgt caacccctte 19860
aaccaccacc gcaacgcggg tcectgcgectac cgctccatge ttcectgggcaa cggccegctac 19920
gtgceccttec acatccaagt gccccaaaag ttcectttgcca tcaagaacct gctectgett 19980
cceggttect acacctacga gtggaacttce cgcaaggatg tcaacatgat cctgcaaagt 20040
tcecteggca acgacctgeg cgtcgacgge gcectceccgtee gettecgacag cgtcaaccte 20100
tatgccacct tctteccccat ggcgcacaac accgcctcecca cceccttgaage catgetgege 20160
aacgacacca acgaccagtc cttcaacgac tacctctegg ccgccaacat gctctaccca 20220
atccecggcca aggccaccaa cgtgceccatce tccatccect cgcegcaactg ggccgectte 20280
cgeggetgga gtttcacceg getcaagacce aaggaaactce cctceecctegg ctegggttte 20340
gaccecctact ttgtctacte gggctccatt ccctaccteg acggaacctt ctacctcaac 20400
cacaccttca agaaggtctc catcatgttc gactcctegg tcagectggece cggcaacgac 20460
cggctgctca cgccgaacga gttcgagatce aagcgcagceg tcgacgggga gggctacaac 20520
gtggcccaat gcaacatgac taaggactgg ttcctegtec agatgctcectce tcattacaac 20580
attggctacc agggcttcta cgtgcctgag ggttacaagg accgcatgta ctceccttette 20640
cgcaacttce agcccatgag caggcaggtg gtcgatgaga tcaactacaa ggactacaag 20700
gccgtcaccee tgccecttcecca gcacaacaac tcgggcttca cceggctacct cgcacccacce 20760
atgcgtcagg ggcagccata ccccgcecaac ttceccctace cgctcatcecgg ccagacagece 20820
gtgceccteceg tcacccagaa aaagttectce tgcgacaggg tcatgtggceg catcccctte 20880
tccagcaact tcatgtccat gggcgceccte accgacctgg gtcagaacat gctctacgee 20940
aactcggccce acgcgctega catgacctte gaggtggace ccatggatga gcccacccte 21000
ctctatctte tecttcgaagt tttcgacgtg gtcagagtge accagccgca ccgcggcegte 21060
atcgaggcecg tctacctgeg cacgcccttce tcocgecggaa acgccaccac ataacgedsd 21120
acyrtnrtas rtndacycat natgagcggc tccagcgaac gagagctcge ggccatcgtg 21180
cgcgacctgg gectgegggece ctactttttg ggaacccacg acaagcgctt cecctggette 21240
ctegeeggeg acaagctgge ctgcgcecatce gtcaacacgg ccggccgcga gaccggagge 21300
gtgcactggc tcgecttcecgg ctggaacceg cgctegcgca cctgctacat gttegaccce 21360
tttgggttct cggaccgcecg gctcaagcag atttacaget tcgagtacga ggccatgctg 21420
cgeccgecageg ccectggecte ctegeccgac cgctgtetca gectcgagca gtccacccag 21480
accgtgcagg ggcccgacte cgccgectge ggacttttet gttgcatgtt cttgcatgece 21540
ttegtgcact ggcccgacceg acccatggac gggaacccca ccatgaactt getgacgggg 21600
gtgcccaacg gcatgctaca atcgccacag gtgctgccca ccctceccggceg caaccaggag 21660
gagctctace gcecttectege gcgecactece ccttacttte gatcccaccg cgecgceccate 21720
gaacacgcca ccgcttttga caaaatgaaa caactgcgtg tatctcaata acgecdsdacy 21780
rtndbrtnda cycatncmmn tatggccggce ggcagtcagg acgtgcgccg gttcatggag 21840
cgagaggcca ctccgcececeg gggccacggg tceggcgegcet atccecgecgga gcaggagagg 21900
agccectege cgccacctece tetgeccace aagcgccgaa agtatcageg ggtgggctcee 21960
gggtcttegyg aggaggacgt ggtcccegtg gacagcccte caaaaaagaa gcaagccaga 22020
aagaccaagc atgtgacaaa ggtagaccca gacgaagaga tgccccagga agacgccgtg 22080
atcgtgggag tgggattcag ccagectcceg gttectgttga aggaaggcaa ggacggaaaa 22140
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cgcatcegteg agcccgcgac ccccggtgte ctgaacgtge gcaaccccect gagtetgect 22200
ctggtctegt cctgggagaa gggcatggat accatgaacg tgctgatgga acgctaccge 22260
gtcgacageg gcctgcgcecga tgcttacaag ctcatgccag agcagaccga gatcttccag 22320
aagatgtgcce agacctggat gaacgaggag gcccgcggte tgcaactgac cttcaccacce 22380
cagaaagcct ttagcaccgt catgggtcge ctgttgcaag gttacatctt cagccacage 22440
gggatcgege ataagaactg ggagtgcacc ggatgcgccece tgtgggatca cggctgcacce 22500
gaggtggaag gccagctcaa gtgtctgcat ggaacggtga tgatccacaa agaccacgtg 22560
gtggagatgg atgtgaccag cgagaacgga cagcgcgcgce tgaaggagca acccagcaag 22620
gccaaggtga cccagaaccg ctggggacgg agcgtggtge aactgaccag ccatgacgcg 22680
cgctgetgeg tgcaggatge cggttgcggg aataaccagt tcagcgggaa gagctgcggg 22740
ctgtttttca gcgagggagc caaggcccag caagctttca aacagatctc ggcecctttgte 22800
aaggccecctet acccgaatat gcagcecgeggce gcggggatga tgctaatgcce cattcactge 22860
gagtgtaacc acaagcctca gagcgtgccce ttcecctgggec gceccagctgtg caagatgacce 22920
ccgtttggece tgagcaacgce cgaggacctt gacaaggatc agatcaccga caagagcgtg 22980
ctggccagtg tgaagtaccc cagtctgatg gtgttccagt gctgcaacce cgtgtaccge 23040
aactcgegeg cgcagagcac cggtcccaac tgcgatttca agatctceccecge cccggacatg 23100
ctgggcgecce tgcagatgag ccggcgcatg tggagcgaga ccttceccccga gattceceggtt 23160
cccaaactgg tgatccccga gttcaagtgg cttcecccaagt accagtaccg caacgtggece 23220
ctcececageg cggcgcacaa cgacgagcgc gagaacccct tcgactttta acgcedsdacy 23280
rtnkrtndac ycatnatgga ggagcagccg cgtaagcagg agcaggagga ggacttaacc 23340
acccacgagce aacccaaaat cgagcaggac ctgggcttcecg aagagccggce tcgtctagaa 23400
cceccacagg atgaacagga gcacgagcaa gacgcaggcce aggaggagac cgacgcetggg 23460
ctcgagcatg gctacctggg aggagaggag gatgtgctge tgaaacacct gcagcegccag 23520
tcectecatee teccgggacge cctggecgac cggagcgaaa cccccctcag cgtcgaggag 23580
ctgtgteggg cctacgaget caacctette tcegecgegeg tgccccccaa acgccagcecee 23640
aacggcacct gcgagcccaa cccgegtcete aacttctate cecgtetttge ggtcececcgag 23700
gcccttgeca cctatcacat ctttttcaag aaccaaaaga tccceccgtcectce ctgecgegee 23760
aaccgcaccce gcgccgacge getcecteget ctggggeccg gcgcegcegcat acctgatatce 23820
gcttecctgyg aagaggtgce caagatcttce gaagggcteg gtcgggacga gacgcgcegeg 23880
gcgaacgcte tgaaagaaac agcagaggaa gagggtcaca ctagcgccecct ggtagagttg 23940
gaaggcgaca acgccaggct ggtegtgctce aagcgcageg tcgagctcac ccacttcecgece 24000
tacccegecg ttaacctecece geccaaggte atgecgtegca tcatggatca gecttatcatg 24060
cceccacatceg aggccatcga tgagacccaa gagcagcegcece ccgaggacgce ccggeccgtg 24120
gtcagcgacg agatgctcge gcgetggecte gggacccgeg acccccaggce tttggaacag 24180
cggcgcaagce tgatgctgge cgtagtcecctg gtcacccteg agctcgaatg catgcecgeccge 24240
ttettetgeg acceccgagac cctgcgcaag gtcgaggaga ccctgcacta cactttcaga 24300
cacggtttcg tcaggcaagc ctgcaagatc tccaacgtgg agctgaccaa cctggtctcece 24360
tgcctgggga tectgcatga gaaccgectg gggcagacag tgctccactce taccctgaag 24420
ggcgaggcac ggcgggacta tgtccgcgac tgcgtcecttte tcetttctatg ccacacatgg 24480
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caagcagcca tgggcgtgtg gcagcagtgt ctcgaggacg agaacctgaa ggagctggac 24540
aagcttettg ctagaaacct taaaaagttg tggacgggct tcgacgagcg caccgtcgece 24600
tcggacctgg ccgagatcgt tttcecceccgag cgcctgagge atacgctgaa aggcgggctyg 24660
ccecgacttca tgagccagag catgttgcaa aactaccgca ctttcattcet cgagegcteg 24720
ggtatcctge ccgeccacctg caacgcectte cecctecgact ttgtccecget gagctaccge 24780
gagtgtccee cgcecgetgtg gagecactge tacctcecttge agectggctaa ctacatctce 24840
taccactcgg acgtgatcga ggacgtgagce ggcgaggggce tgctcgagtg ccactgccge 24900
tgcaacctgt gctcecccecgeca cegctecctg gtctgcaace cccagetcect gagcgagace 24960
caggtcatcg gtaccttcga gctgcaaggt ccggagaagt ccaccgctece gectgaaacte 25020
acgccggggt tgtggactte cgcgtacctg cgcaaatttg tacccgaaga ctaccacgece 25080
catgagataa agttcttcga ggaccaatcg cgtccgcage acgcggatct cacggectge 25140
gtcatcacce agggcgcgat cctegcccaa ttgcatgcca tccaaaaatc ccgcecaagag 25200
tttcttetga aaaagggtag aggggtctac ctggacccce agacgggcga ggtgctcaac 25260
ccgggtetee ceccagcatge cgaggaagaa gcaggagcecg ctagtggagg agatggaaga 25320
agaatgggac agccaggcag aggaggacga atgggaggag gagacagagg aggaagaatt 25380
ggaagaggtg gaagaggagc aggcaacaga gcagcccgte gccgcaccat ccgegeccgge 25440
agccececggeg gtcacggata caaccteccge tccggtcaag cctcectegta gcecgedsdacy 25500
rtnkrtndac ycatnnatgc cgaggaagaa gcaggagccg ctagtggagg agatggaaga 25560
agaatgggac agccaggcag aggaggacga atgggaggag gagacagagg aggaagaatt 25620
ggaagaggtyg gaagaggagc aggcaacaga gcagcccgte gccgcaccat ccgegecgge 25680
agccceeggeg gtcacggata caacctececge tcecggtcaag cctectegta gatgggatceg 25740
agtgaagggt gacgctaaga aaaagcaagt aagaggagtc gccggaggag gcctgaggat 25800
cgcggcgaac gagccctecga ccaccaggga gctgaggaac cggatcttece ccactettta 25860
tgccattttt cagcagagtc gaggtcagca gcaagagctc aaagtaaaaa atcggtctct 25920
gcgetegete accecgcagtt gcttgtacca caaaaacgaa gatcagctgce agcgcactct 25980
cgaagacgcc gaggctctgt tccacaagta ctgcgcgctc actcttaaag actaacgceds 26040
dacyrtnkrt ndacycatna tgccgaggaa gaagcaggag ccgctagtgg aggagatgga 26100
agaagaatgg gacagccagg cagaggagga cgaatgggag gaggagacag aggaggaaga 26160
attggaagag gtggaagagg agcaggcaac agagcagccce gtcgccgcac catccgecgece 26220
ggcagcceeg gcggtcacgg atacaacctce cgcteceggte aagectcectce gtagatggga 26280
tcgagtgaag ggtgacggta agcacgagcg gcagggctac cgatcatgga gggcccacaa 26340
agccgcegatce atcgectget tgcaagactg cggggggaac atcgcttteg cccgecgcta 26400
cctgctette caccgegggg tgaacatccce ccgcaacgtg ttgcattact accgtcacct 26460
tcacagctaa cgcdsdacyr tnvrtndacy catnatgagc aaggagattc ccacccctta 26520
catgtggagc tatcagcccc agatgggcect ggccgcgggce gcectcccagg actactccac 26580
ccgcatgaac tggctcagtg ccggecccte gatgatctca cgggtcaacg gggtceccgtaa 26640
ccatcgaaac cagatattgt tggagcaggc ggcggtcaca tccacgccca gggcaaagct 26700
caacccgcegt aattggcecct ccacccetggt gtatcaggaa atcccecgggce cgactaccgt 26760
actacttcecg cgtgacgcac tggccgaagt ccgcatgact aactcaggtg tccagetgge 26820

cggcggeget tcccggtgece cgctecgece acaatcgggt ataaaaaccce tgatgatccg 26880
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aggcagaggc acacagctca acgacgagtt ggtgagctct tcgatcggtce tgcgaccgga 26940
cggagtgttc caactagccg gagccgggag atcatcctte actcccaacc aggcctacct 27000
gaccttgcag agcagctctt cggagccteg ctceccggaggce atcggaaccce tccagttegt 27060
ggaggagttt gtgccctcgg tctacttcaa cccctteteg ggatcgecag gcectcectacce 27120
ggacgagttc ataccgaact tcgatgcagt gagagaagcg gtggacggct acgactgacg 27180
cdsdacyrtn krtndacyca tnatgtccca tggtgactcg gctgagctcg ctcggttgag 27240
gcatctggac cactgccgce gcctgegetg cttegeccgg gagagctgceg gactcatcta 27300
ctttgagctg cccgaggagce accccaacgg ccctgcacac ggagtacgga tcaccgtaga 27360
gggcaccgec gagtctcace tggtcaggtt cttcacccag caacccttcecce tggtcgageg 27420
ggaccggggce gccaccacct acaccgtcta ctgcatctgt cctaccccaa agttgcatga 27480
gaatttttgce tgtactcttt gtggtgagtt taataaaagc tgacgcdsda cyrtncraha 27540
rtndacycat natgagaatt tttgctgtac tctttgtggt gagtttaata aaagctgaac 27600
taagaaccta ctttggaatc ccttgtecgte atcaaatcca caagaccatc aacttcacct 27660
ttgaggaaca ggtgaacttt acctgcaagc cacacaagaa dgtacgtcacc tggttttacc 27720
agaacactac tctagcagta gccaacacct gctcgaacga cggtgttctt cttccaaaca 27780
atctcaccag tggactaact ttctcagtga aaagggcaaa gctaattctt catcgcccta 27840
ttgtagaagg aacttaccag tgtcagagcg gaccttgcectt ccacagtttc actttggtga 27900
acgttaccgg cagcagcaca gtcgctccag aaactaacct tctttcectgat actaacactce 27960
ctaaaaccgg aggtgagctc tgggttccct ctctgacaga ggggggtagt catattgaag 28020
cggtcgggta tttgatttta ggggtggtcee tgggtgggtyg catageggtg ctatattacce 28080
ttecttgetyg ggtcgaaate agggtattta tctgctgggt cagacattgt ggggaggaac 28140
catgacgcds dacyrtnkrt ndacycatna tgaaggggct cttgctgatt atcctttcecce 28200
tggttggggg tttactggcc tgccacgaac agccacgatg taacatcacc acaggcaatg 28260
agaggaacga ctgctctgta gtgatcaaat gcgagcacca gtgtcctctce aacattacat 28320
tcaagaataa gaccatggga aatgtatggg tgggattctg gcaaccagga gatgagcaga 28380
actacacggt cactatccat ggtagcgatg gaaatcacac tttcggtttc aaattcattt 28440
ttgaagtcat gtgtgatatc acactgcatg tggctagact tcatggcttg tggcccccta 28500
ccaaggagaa catggttggg ttttctttgg cttttgtgat catggecctgt gcaatgtcag 28560
gtctgctggt aggggctcta gtgtggttece tgaagcgcaa gcccaggtac ggaaatgagg 28620
agaaggaaaa attgctataa cgcdsdacyr tnkcrbrtnd acycatnatg aatactttga 28680
ccagtgtcgt getgctctet cttttagtta ttaatgtgga atgtgccgat cctattctag 28740
ttagtgtaga ttggggaaaa aatcttacat tagagggtcc taaagaaaca ccagttgaat 28800
ggtggggtgyg aagaaacata caacaactgt gcatagggaa tcaaaccaaa cataaagagc 28860
taagtcacag atgtaatgtc cagaacataa ctttactgtt tgtaaatact agttttaatg 28920
gagactactt tgggtttaaa aatgataaca gcggtatgaa acattataaa gtcacagtta 28980
tacccectaa accctccact cggaaaccte tttcectectee acactatgta aacgcaacta 29040
tggggcaaaa cctaacatta gtggggcctg caaacattcce agttacttgg cttagtgaat 29100
atggcacgtt gtgtgagggc aaaaaaattt tgcacaaaga attaaatcac acctgtaacg 29160
aacagaacct cacgttactg tttgttaata tgacacacaa cggaccatat tttggectttg 29220
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acaaatacaa cattgataga gagcagtatg aggtttctat tattagtttg tttaaagttg 29280
gcgetggaca gaagaaaatt gggaaaggac agaaaaagga ggaaaagaca aaaccaaact 29340
ctagtgattt gggacaaaga caatccagac caaagaaaaa agatattgtt gaagaggtcc 29400
aaatcaaaac aggagaaaat cgaacccttg ttggtccacce tggaaaagtt gattggatta 29460
aactttccag tggaaacaat aatgttctta agttgtgtaa tggcgacaag tatattaaac 29520
acacatgtga tggtcaaaat ttaacattaa ttaatgtgac tagaatttat gacggaactt 29580
attatggttc tagcaatgat ggctcaagtc attacaaagt taccatctat gaattacaca 29640
aagttaataa aactaaatct atgcttaagc catacactac aaaaagaact acagtgaatg 29700
caacagatga cagtgctcac aaaattgctt tgcagcagga aaataatggg caaacagaaa 29760
atgatcaaga atcaaaaatt ccatctgcta ctgtggcaat cgtggtggga gtgattgcgg 29820
gcttcataac tataatcatt gtcattctgt gctacatctg ctgccgcaag cgteccaggg 29880
catacaataa tatggtagac ccactactca gcttctctta ctgacgcedsd acyrtnbkcr 29940
grtndacyca tnatgaaggc tttcacagct tgcgttctga ttagcataat tacacttagt 30000
ttagcagcac ctaaaccaga agtatataca caagttaatg tcactagggg tgggaatgct 30060
acactagatg gaccatttaa caataacaca tggacaagat atcatgatga tgggagaaaa 30120
aacggatgga tgaatatttg taaatggtca gacccatcat acacatgtca tagtaatgga 30180
agccttagta tttttgcttt caacattagt tcaggtaaat ataaagttca aagttacact 30240
aacagttata atggattaga tggttatgaa aaacttgaag ttaaaatgtt taatctaaca 30300
gtaattgagc ctccaaccac tagagcaccc accacagtta ggacaactaa ggaaacaaca 30360
cagcctacca ctgtacccac tacacatcca accaccacag tcagtacaac tattgagacc 30420
actactcata ctacacagct agacacaaca gtgcagaata ctactttact gattgaattt 30480
ttactaagag ggaatgaaag tactactgat cagacagagg ctacctcaag tgccttcagce 30540
agtactgcaa atttaacttc gecttgcttgg actaatgaaa ccggagtatc attgatgcat 30600
ggccagcecett actcaggttt ggatattcaa attactttte tggttgtctg tgggatcttt 30660
attcttgtgg ttcttctgta ctttgtectge tgcaaagcca gagagaaatc tagtaggccce 30720
atctacaggc cagtaatcgg ggaacctcag cctctccaag tggaaggggg tctaaggaat 30780
cttctecttet ctttttcagt atggtgacgce dsdacyrtnb krdartndac ycatnatgat 30840
tcectaggtte ttectattta acatcctett ctgtctette aacatctgeg ctgceccttege 30900
ggcegtcteg cacgectcege ccgactgtet cgggeccctte cccacctacce tectetttge 30960
cctgctcecacce tgcacctgeg tetgcagcat tgtctgectg gtcecgtcacct tectgcaget 31020
catcgactgg tgctgcgcge gttacaatta tctccaccac agtcccgaat acagggacaa 31080
gaacgtagcc agaatcttaa ggctcatctg acgcdsdacy rtnbkrdbrt ndacycatna 31140
tgcagactct gctgatactg ctatcectcece tctecceetge ccecttgetgac tgtaaatttg 31200
cggacatatg gaatttctta gactgttatc aagagaaaat ggatatgcct tecctattact 31260
tggtgattgt gggtgtagtc atggtctgct cctgcacttt ctttgctatc atgatctacce 31320
cctgttttga tectceggctgg aactetgttg aggcattcac atacacacta gaaagcagtt 31380
cactagcctce cacgccgcca cccacaccgce ctcecccgcag aaatcagtte cccctgatte 31440
agtacttaga agagcccecct cecccggecce ctteccactgt tagctacttt cacataaccg 31500
gcggcgatga ctgacgcedsd acyrtnbkrt ndacycatna tgactgacca ccacctggac 31560

ctcgagatgg acggccaggce ctccgagcag cgcatcctge aactgegegt ccgtcagcag 31620
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caggagcggg ccgccaagga gctcecctcecgat gccatcaaca tccaccagtg caagaagggce 31680
atcttectgece tggtcaaaca ggcaaagatc acctacgagce tcgtgtccaa cggcaaacag 31740
catcgectca cctatgagat gccccagcag aagcagaagt tcacctgcat ggtgggcegte 31800
aaccccatag tcatcaccca gcagteggge gagaccagcg gctgcatcca ctgctectge 31860
gaaagcceeg agtgcatcta ctcecectecte aagacccttt geggacttcecg cgacctcecte 31920
cccatgaact gacgcdsdac ygnrtnrtnr tndacycatn cmmntatgaa aattgtggac 31980
caggaatttg acatcccttt caaggtgtgg aggaagttcg ccgcccgcecg gggactggag 32040
taccagagct gggaggaggg taccgaggtg ctgctgaaca actacaccag agacatactt 32100
tcagatttca agtaacgcds dacyrtnbrr tndacycatn atgtcaaaga ggctccgggt 32160
ggaagatgac ttcaaccccg tctacccecta tggctacgeg cggaatcaga atatccccett 32220
cctcactecece cectttgtet ccteccgatgg attccaaaac ttceccceccecctg gggtectgte 32280
actcaaactg gctgatccaa tcecgccatcge caatgggaat gtctcactca aggtgggagg 32340
gggactcact gtagaacaac agtctggaaa actgagtgtg gatactaagg cacccttgca 32400
agttgcaaat gacaacaaat tggagctatc ttatgatgat ccatttaagg tagagaataa 32460
caaacttgga attaaagctg gccatggttt agcagttgta actaaagaaa acacaagtct 32520
tcectagtecta gttggaacac ttgtagtttt aactggaaaa ggaataggta ctggatcaag 32580
tgcacatgga ggaactattg atgtaagact tggtgaagga ggtgggttat catttgatga 32640
aaaaggagac ttagtagctt gggacaaaaa aaatgataca cgcacccttt ggacaacacc 32700
tgatccttect ccaaattgca aagttgaaac agcaagagac tcaaagctaa ccttagcact 32760
tacaaaatgt ggtagtcaaa ttttggccac tgtatcttta cttgttgtta cgggcaaata 32820
tgctattata agtgacacag tcaacccaaa gcagttctct attaagttac tgtttaatga 32880
caagggtgtt ttgttaagtg actcaaatct tgatgggaca tattggaact atagaagcaa 32940
caataacaac ataggcactc cttataaaga ggctgttggt tttatgccaa gcacaacagc 33000
ttatcctaag ccaaccaaca acaccagcac agatccggat aaaaaagtga gtcaaggtaa 33060
aaataaaatt gtaagcaata tttatcttgg aggagaggta tatcaaccag gatttattgt 33120
tgttaaattt aatcaggaaa ctgatgccaa ttgtgcatac tctattacat ttgattttgg 33180
atggggtaag gtgtataagg atcctatacc atatgatacc tcttectttta ctttectcata 33240
tatcgctcaa gaatgacged sdacyrtnrr tndacycatn cmmntnatga gcaccgagga 33300
acaatcgacc tcgctccgece atcatccata ccgcagggce cgtttaccac gatctgagga 33360
ggagaccagg gcctcactga ctgaacaaca ccccctgctg cecgattgtg atcatgcectga 33420
atatcataat actgtgacct tggactgtga ggcccgcttg gaagactttt cagaggacgg 33480
cttcatctca atcaccgatc cccgtttgge tcgccaggaa actgtgtgga ttatagacac 33540
taaatccagt tcccgcacta atcagaacat tccectattt aaggccaccce gtgctgagag 33600
aattgtttac actgtgaaat gggctggtgg tgggagactg actacccgtg ctggtgtaaa 33660
aatcaataaa gatacatgac gcdsdacyrt nkrtndacyc atncmmntat gagcaccgag 33720
gaacaatcga cctegectceccg ccatcatcca taccgcaggg cccgtttacce acgatctgag 33780
gaggagacca gggcctcact gactgaacaa cacccecctge tgcccgattg tgatcatget 33840
gaatatcata atgtaagttc tgtccgtgga ttaccatgtg ctgectggett taccctgcecte 33900

caagagtttc cagtcccctg ggatatgatc ctgaccccag aggaaataaa aattttaaaa 33960
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-continued
agatgtatgt cagtgtgcct gtgccccgcet accctggact tggtgagage tcagatggtg 34020
agcgggtacg agcgctggat cctgcattge cactgttegt ccccegggcte cctgcagtge 34080
cgggcgggag gcaccctget ggccgtgtgg ttcaggagag tcatttacgg gtgcatgtte 34140
aaccagcgct tcccectggta ccgccagatt gtgaacagaa acatgcccaa agagatcatg 34200
tatatgggca gtgtgttcat gaggggcagg cacctgatat actgccgcat ttggtatgat 34260
ggtcacgtgg gttccatcat ccccaacatg agctttgget ggagcaccct gaattatggg 34320
ctgctgaata acatggtgat tatgtgctgc acttactgtg agaacatgag cgagatcagg 34380
atgaggtgct gtgcccgacg caccaggaga ctgatgctga aggctgtggg gatcatagtce 34440
agagagactt gcgatcccga tcecccatctge agcagccgca ccgagcecccg gceggcagaga 34500
ctgttgaggg cgctgatgga gaggcacaga cccatcctgt tttceccgagta tgaatctgtg 34560
cgttcttctce attccaccag actgtgacgc dsdacyrtnk rtndacycat ncmmntatgt 34620
gctgetgget ttaccctgct ccaagagttt ccagtcccet gggatatgat cctgacccca 34680
gaggaaataa aaattttaaa aagatgtatg tcagtgtgcc tgtgccccgce taccctggac 34740
ttggtgagag ctcagatggt gagcgggtac gagcgctgga tcctgcattg ccactgttceg 34800
tceeceggget cectgcagtyg cecgggeggga ggcacccetge tggecgtgtg gttcaggaga 34860
gtcatttacg ggtgcatgtt caaccagcgc ttccectggt accgccagat tgtgaacaga 34920
aacatgccca aagagatcat gtatatgggc agtgtgttca tgaggggcag gcacctgata 34980
tactgcecgca tttggtatga cgcdsdacyr tnrrtndacy catnemmnta tggttcttce 35040
aatcctgecca cecgcecccecte tgaatgatag acaaggcage attaactgga tggggatgge 35100
ctacagagtc ctggctgatg tgatgagggg aattcgcatg gacgggcettt ttgtttcatce 35160
agatgcagag gaacttctcc agaaccttcg ggaatggatg tacttcagtt ggatgactga 35220
gcggcagcag cgaaaggacg gacggaggag gggtatctge tgttcccggg ccactttetg 35280
ctggcagaag tacgacaagg tacgcaagag ggtgcactac aatgagcacc gaggaacaat 35340
cgaccteget ccgccatcat ccataccgca gggcccgttt accacgatct gacgedsdac 35400
yrtnrrtnda cycatncmmn tatgaaggtc tgcctgctta tgaaggtgga gggggcgctg 35460
tgggagcttt tcaacatgtg tggagtggac ttacaccaac agtttgtagce gataattcaa 35520
ggctggaaaa acgaaaatta cctggggatg gttcaggact gtaatatgat gattgaggag 35580
caggatggcg ggcccgcttt taatgtgetg ttgtttetgg atgtacgtgt ggagectctg 35640
ctggaagcca cagtagagca ccttgagaat cgcataattt ttgatttgge tgtctgttte 35700
caccaaaaca gtggaggaga gaggtgccac ctccgtgacce tgaattttat attgcectgcge 35760
gaccgtttgg agtaacgcds dacyrtnrrt ndacycatnc mmntatgctt gagecggcgcg 35820
gtgtcagcta ccacattgtg gtcectgggg ccctagtgac ttatttagag gacttttcecca 35880
ttactgctat gattaaagag cacctacctc gctttatcac tcacctcttg gaaggaatca 35940
ccggtgacac aaagagagct tattccagca tgcagttttt gggggctaat tatggagctce 36000
taagatactc cctcacgctt gccagtccaa cgcttagece tggctctgac ttggcatctg 36060
tagtggccga ggacttgagt gactttttac agctaacact gagacgcgag ctcagggcag 36120
agggcagaaa ctcattgaat cttgttgttt tgaacacgct gcaggttgtg gagcagccag 36180
atctgttgct attatgacgc dsdacyrtnr rtndacycat ncmmntatgg ctgaatctct 36240
gtatgcttte atagatagcce ctggagggat cgctcccgte caggaagggg ctagcaatag 36300
atatatcttc ttttgcceceg aatctttcecca cattcecctecg catggggtga tattgettca 36360
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cctecagagtyg

ctaccatgec

tctetetgty

agtgggaacc
ttag
<210> SEQ I

<211> LENGT.
<212> TYPE:

agcgtgetgg
aggggcatac

ctgctettta

ctgetgetygyg

D NO 2
H: 253
PRT

ttcctactgyg

taacccagtce

accacacgga

agagagtgat

<213> ORGANISM: Adenovirus type

<400> SEQUENCE: 2

Met Arg His
1

Val Ile Met
His Pro Glu
35

Leu Glu Val
50

Leu Ile Phe
65

Ala Ile Val

Leu Glu Glu

Pro Pro Ser

115

Ile Ser Asp
130

Lys Ser Thr
145

Asp Lys Ser

Ser Thr Phe

Pro Ser Glu

195

Pro Leu Gln
210

Arg Ala Ala
225

Asp Glu Pro

<210> SEQ I
<211> LENGT.
<212> TYPE:

Leu Arg Leu Leu Pro

5

Leu Glu Asp Phe Val

20

Pro Phe Glu Leu Gly

40

Asp Ala His Asp Asp

55

Pro Glu Ser Met Ile

70

Thr Pro Leu His Thr

85

Asp Glu Glu Ile Asp

100

Asp Ser Glu Asp Glu

120

Leu Ala Cys Val Ile

135

Glu Pro Val Gln Gly
150

Gly Asp Pro Asn Ala

165

Ser Phe Ile Tyr Ser

180

Glu Asp His Pro Ser

200

Val His Arg Pro Thr

215

Val Glu Lys Ile Glu
230

Leu Asp Leu Ser Leu

245

D NO 3
H: 191
PRT

<213> ORGANISM: Adenovirus type

<400> SEQUENCE: 3

Met Arg His Leu Arg Leu Leu Pro

1

5

Val Ile Met Leu Glu Asp Phe Val

atatcaggge

cgatgtgata

ccgatttttyg

ttttccttea

36

Ser

Asn

25

Pro

Asp

Leu

Pro

Leu

105

Gln

Val

Cys

Ser

Pro

185

Pro

Pro

Asp

Lys

36

Thr

10

Thr

Thr

Pro

Gln

Thr

90

Arg

Gly

Glu

Arg

Cys

170

Val

Pro

Val

Leu

Arg
250

Val

Val

Leu

Asn

Ala

75

Leu

Cys

Glu

Glu

Asn

155

Ala

Ser

Glu

Arg

Leu

235

Pro

agatttatgg

tttgccggga

tatgtccgeg

gtgagaatag

Pro

Leu

Gln

Glu

60

Asp

Pro

Tyr

Gln

Gln

140

Cys

Leu

Glu

Leu

Ala

220

His

Arg

Gly

Glu

Asp

45

Glu

Ile

Pro

Glu

Gln

125

Val

Gln

Cys

Asp

Ser

205

Ser

Asp

Asn

Asp

Asp

30

Leu

Ala

Ala

Ile

Glu

110

Met

Val

Tyr

Tyr

Glu

190

Gly

Gly

Met

ccttgaatga
gaagacatga
agggccacce

ccaccetggt

Leu Ala
15

Glu Leu

Tyr Asp

Val Asn

Ser Glu

80

Pro Glu
95

Gly Phe

Ala Leu

Ile Glu

His Arg

160

Met Lys
175

Ser Ser
Glu Thr

Glu Arg

Gly Gly
240

Ser Thr Val Pro Gly Asp Leu Ala

10

15

Asn Thr Val Leu Glu Asp Glu Leu

36420

36480

36540

36600

36604
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Leu

Leu

65

Ala

Leu

Pro

Ser

Glu

145

Glu

Gly

<210>
<211>
<212>
<213>

<400>

Met
1

Val
Gly
Glu
Leu

65

Leu

Tyr

Gln

Pro

145

Met

Ser

Pro

Glu

50

Ile

Ile

Glu

Pro

Ser

130

Thr

Arg

Gly

Asp

Glu

Thr

Glu

50

Asn

Asp

Phe

Ile

Arg

130

Gly

Arg

Glu

Glu

35

Val

Phe

Val

Glu

Ser

115

Pro

Pro

Arg

Asp

Val

Asp

Pro

35

Phe

Leu

Phe

Leu

Leu

115

Gly

Leu

Gln

Glu

20

Pro

Asp

Pro

Thr

Asp

100

Asp

Ser

Leu

Ala

Glu

180

PRT

SEQUENCE :

Trp

Ser

20

Leu

Glu

Gly

Ser

Val

100

Asp

Gln

Leu

Ala

Glu
180

Phe

Ala

Glu

Pro

85

Glu

Ser

Glu

Gln

Ala

165

Pro

SEQ ID NO 4
LENGTH:
TYPE :
ORGANISM: Adenovirus type

182

4

Thr

5

Ser

Ser

Asn

His

Ser

85

Asp

Phe

Arg

Arg

Met
165

Leu

<210> SEQ ID NO 5

<211> LENGTH:

495

Glu

His

Ser

70

Leu

Glu

Glu

Glu

Val

150

Val

Leu

Ile

Asp

Arg

Leu

Gln

70

Pro

Lys

Ala

Ile

Leu
150

Asp

Asp

Leu

Asp

55

Met

His

Ile

Asp

Asp

135

His

Glu

Asp

Leu

Gly

Leu

Phe

55

Ser

Gly

Trp

Ala

Leu
135

His

Glu

Gly

40

Asp

Ile

Thr

Asp

Glu

120

His

Arg

Lys

Leu

Ala

Cys

Val

Ala

Leu

Arg

Ser

Met

120

Asn

Arg

Asn

25

Pro

Asp

Leu

Pro

Leu

105

Gln

Pro

Pro

Ile

Ser
185

36

Asp

Ser

25

Tyr

Asp

Phe

Thr

Gln

105

His

Tyr

Gln

Pro

Thr

Pro

Gln

Thr

90

Arg

Gly

Ser

Thr

Glu

170

Leu

Phe

10

Gly

Thr

Cys

Gln

Thr

90

Asp

Leu

Trp

Thr

Arg
170

Leu

Asn

Ala

75

Leu

Cys

Pro

Pro

Pro

155

Asp

Lys

Ser

Phe

Val

Ser

Glu

75

Ala

Thr

Trp

Leu

Ser
155

Ser

Gln

Glu

60

Asp

Pro

Tyr

Val

Pro

140

Val

Leu

Arg

Lys

Trp

Lys

Gly

60

Arg

Gly

Gln

Arg

Leu
140

Met

Gly

Asp

45

Glu

Ile

Pro

Glu

Ser

125

Glu

Arg

Leu

Pro

Thr

Arg

Lys

45

Leu

Val

Val

Leu

Ala

125

Gln

Leu

Leu

30

Leu

Ala

Ala

Ile

Glu

110

Glu

Leu

Ala

His

Arg
190

Arg

His

30

Asp

Leu

Leu

Ala

Ser

110

Trp

Pro

Glu

Asp

Tyr

Val

Ser

Pro

95

Gly

Asp

Ser

Ser

Asp

175

Asn

Arg

15

Trp

Tyr

Asp

His

Phe

95

Arg

Ile

Ala

Glu

Pro
175

Asp

Asn

Glu

80

Glu

Phe

Glu

Gly

Gly

160

Met

Leu

Phe

Lys

Ser

Ser

80

Val

Gly

Arg

Ala

Glu
160

Pro
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<212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Met

1

Ser

Leu

Thr

Arg

65

Leu

Ser

Gly

Glu

Gly

145

Leu

Ile

Ile

Asp

Ala

225

Asn

Thr

Met

Gly

Arg

Lys

Glu
385

Glu

His

Glu

Gln

50

Glu

Asn

Met

Met

Arg

130

Leu

Asn

Ala

Arg

Thr

210

Gly

Gly

Leu

Trp

Gly

290

Phe

Arg

Thr

Met

Asn
370

Asn

Pro

Ala

Leu

35

Thr

Pro

Gln

Ala

Met

115

Leu

Met

Pro

Leu

His

195

Leu

Val

Glu

His

Gly

275

Val

Glu

His

Ala

Tyr
355

Ile

Asn

Gly

Pro

20

Leu

Asn

Glu

Val

Arg

100

Thr

Thr

Gln

Asp

Arg

180

Ala

Asp

Met

Lys

Gly

260

Ala

Val

Lys

Cys

Ser
340
Asn

His

Leu

Adenovirus type

5

His Pro
5

Val Glu

Ala Ser

Ile His

Glu Arg
70

Ser Ser
85

Gly Val

Glu Leu

Trp Tyr

Asp Lys
150

Glu Asp
165

Pro Asp

Cys Tyr

Lys Ala

Asn Met

230

Phe Asn
245

Cys Ser

Ala Lys

Gly Arg

Cys Tyr

310

Ser Ser

325

Leu Lys

Met Leu

Val Thr

Leu Ile
390

Thr

Gly

Thr

Val

55

Pro

Leu

Lys

Thr

Glu

135

Tyr

Trp

Cys

Ile

Ala

215

Asn

Gly

Phe

Ile

Pro

295

Leu

Met

His

Thr

Ser
375

Lys

Glu

Leu

Ala

Gly

Gly

Tyr

Arg

Ala

120

Leu

Gly

Glu

Lys

Ser

200

Phe

Ser

Val

Phe

Arg

280

Lys

Gly

Glu

Asn

Cys
360

His

Cys

36

Gln

Asp

25

Ser

Gly

Pro

Pro

Glu

105

Ser

Gln

Leu

Glu

Tyr

185

Gly

Arg

Met

Leu

Gly

265

Gly

Ser

Val

Thr

Met
345
Asp

Pro

His

Gly

10

Gln

Ser

Arg

Ser

Glu

90

Arg

Leu

Gln

Glu

Ala

170

Ile

Asn

Cys

Ile

Phe

250

Phe

Cys

Glu

Ser

Gly

330

Val

Ser

Arg

Met

Leu

Ala

Ser

Asn

Val

75

Leu

Ser

Met

Glu

Gln

155

Ile

Val

Gly

Cys

Phe

235

Met

Asn

Lys

Met

Thr

315

Cys

Lys

Gly

Lys

His
395

His

Ala

Gly

Glu

60

Gly

Ser

Asp

Asn

Cys

140

Ile

Lys

Thr

Ala

Met

220

Met

Ala

Asn

Phe

Ser

300

Glu

Phe

Gly

Val

Lys
380

Leu

Pro

Gly

Ser

Ala

Arg

Lys

Gly

Arg

125

Arg

Lys

Lys

Lys

Glu

205

Met

Asn

Asn

Met

Tyr

285

Val

Gly

Cys

Cys

Cys

365

Trp

Gly

Gly

Thr

30

Ser

Gly

Gly

Val

Gly

110

Lys

Asp

Thr

Tyr

Thr

190

Val

Gly

Ile

Ser

Cys

270

Gly

Lys

Asn

Leu

Thr
350
His

Pro

Ala

Leu

15

Glu

Ser

His

Ala

Leu

95

Asn

Arg

Glu

His

Ala

175

Val

Val

Met

Lys

His

255

Ala

Cys

Gln

Ala

Val

335

Asp

Ile

Val

Arg

Arg

Asn

Ser

Gly

Gly

80

Thr

Thr

Pro

Ile

Trp

160

Lys

Asn

Ile

Arg

Phe

240

Met

Glu

Trp

Cys

Arg

320

Lys

Glu

Leu

Phe

Arg
400
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Gly Thr Phe Gln Pro Tyr Gln Cys
405

Leu Glu Asn Asp Ala Phe Ser Arg
420

Met Asp Val Ser Val Tyr Lys Ile
435 440

Arg Val Arg Ala Cys Glu Cys Gly
450 455

Val Ala Leu Asp Val Thr Glu Glu
465 470

Ala Cys Thr Gly Thr Glu Phe Ser
485

<210> SEQ ID NO 6

<211> LENGTH: 134

<212> TYPE: PRT

<213> ORGANISM: Adenovirus type

<400> SEQUENCE: 6

Met Asn Gly Thr Gly Gly Ala Phe
1 5

Leu Thr Thr Arg Leu Pro Gly Trp
20

Gly Ser Thr Val Asp Gly Arg Pro
35 40

Met Thr Tyr Ala Thr Val Gly Ser
50 55

Ala Ala Ala Ala Ala Ala Ala Met
65 70

Tyr Met Pro Ser Ser Ser Ser Ser
85

Ala Glu Glu Lys Leu Leu Ala Leu
100

Arg Gln Leu Ala Ala Leu Thr Gln
115 120

Gln Gln Gln Gln Asn Lys
130

<210> SEQ ID NO 7

<211> LENGTH: 448

<212> TYPE: PRT

<213> ORGANISM: Adenovirus type

<400> SEQUENCE: 7

Met Glu Thr Arg Gly Arg Arg Pro
1 5

Glu Ser Gln Ala His Pro Cys Lys
20

His Arg Asp Gly Asp His Thr His
35 40

His Asp Ala Gly Arg Ala Gly Arg
50 55

Gln Ser Ser Gln Pro Pro Lys Arg
65 70

Val Glu His Val Thr Glu Leu Trp
85

Asn

Val

425

Leu

Gly

Leu

Ser

36

Glu

Ala

25

Val

Ser

Thr

Pro

Leu

105

Gln

36

Cys

Arg

25

Ala

Pro

Gly

Asp

Phe

410

Asn

Arg

Arg

Arg

Ser
490

Gly

10

Gly

Leu

Ser

Ala

Ser

90

Ala

Val

Pro

10

Pro

Asp

Ser

Ser

Arg
90

Ser

Leu

Tyr

His

Pro

475

Gly

Gly

Val

Pro

Leu

Thr

75

Val

Glu

Ser

Phe

Ala

Pro

Ser

Leu

75

Leu

Gln

Asn

Asp

Thr

460

Asp

Glu

Leu

Arg

Ala

Asp

Arg

Pro

Leu

Glu

Gln

Arg

Glu

Arg

60

Leu

Glu

Thr

Gly

Glu

445

Arg

His

Asp

Phe

Gln

Asn

45

Ser

Leu

Ser

Glu

Leu
125

His

Gly

Thr

45

Ala

Asp

Leu

Lys

Ile

430

Thr

Met

Leu

Thr

Ser

Asn

30

Ser

Thr

Ala

Ser

Ala

110

Arg

Gln

Pro

30

Leu

Leu

Arg

Leu

Leu

415

Phe

Lys

Gln

Val

Asp
495

Pro

15

Val

Ser

Ala

Ser

Ile

95

Leu

Glu

Gln

15

Pro

Glu

Gln

Asp

Ser
95

Leu

Asp

Ser

Pro

Met
480

Tyr

Met

Thr

Ala

Ser

80

Ile

Ser

Gln

Asp

Leu

Gly

Ser

Ala

80

Gln



119

US 9,254,320 B2

-continued

120

Thr

Phe

Gly

Lys

Ala

Pro

Ala

225

Pro

Tyr

Gly

Asp

305

Asn

Ile

Leu

Ser

Tyr

385

Trp

Ile

<210>
<211>
<212>
<213>

<400>

Leu

Ala

Glu

130

Ala

Leu

Ser

Pro

Ser

210

Pro

Lys

Asp

Pro

Lys

290

Lys

Met

Gln

Asn

Leu

370

Asp

Cys

Gln

Asp

Ala

Ser

115

Leu

Pro

Gln

Gln

Glu

195

Glu

Gly

Phe

Val

Ile

275

Gly

Phe

Asn

Ala

Arg

355

Leu

Trp

Tyr

Ser

Arg
435

Lys

100

Leu

Val

Leu

Pro

Leu

180

Thr

Met

Pro

Ile

Ser

260

Ala

Val

Pro

Pro

Lys

340

Phe

Leu

Ile

Leu

His

420

Glu

PRT

SEQUENCE :

Met

Gln

Arg

Leu

Val

165

Leu

Val

Lys

Glu

Lys

245

Asp

Ile

Ser

Lys

Arg

325

Leu

Ala

Lys

Ile

His

405

Leu

Arg

SEQ ID NO 8
LENGTH:
TYPE :
ORGANISM: Adenovirus type

1176

8

Pro

Glu

Glu

Arg

150

Ile

Arg

Phe

Ala

Gly

230

Met

Pro

Ile

Lys

Cys

310

Arg

His

Asn

Asp

Tyr

390

Pro

Tyr

Trp

Met

Leu

Asn

135

Asp

Gly

Asn

Phe

Trp

215

Thr

Ser

Arg

Met

Phe

295

Thr

Asp

Ile

Thr

Ile

375

Asn

Arg

Arg

Thr

Ala

Leu

120

Leu

Asp

Val

Leu

Ile

200

Glu

Ile

Tyr

Asn

Asp

280

Phe

Gly

Leu

Ile

Tyr

360

Ile

Thr

Asp

Val

Arg
440

Met Ala Leu Val Gln Ser His Gly

1

5

Ala Asp Pro Gly Cys Gln Pro Pro

Asp

105

Ser

Gln

Gly

Ile

Leu

185

Ala

Met

Val

Asp

Val

265

Glu

His

Tyr

Gly

Ser

345

Thr

Gln

Thr

Gly

Leu

425

Ala

36

Gly

Leu

Val

Ser

Tyr

170

Ser

Pro

Gln

Pro

Asp

250

Phe

Cys

Ala

Thr

Gly

330

Pro

Lys

His

Pro

Leu

410

Glu

Tyr

Leu

Gly

Arg

Cys

155

Gly

Ser

Gln

Ile

Gln

235

Leu

Ala

Met

Phe

Val

315

Asn

Arg

Gly

His

Glu

395

Met

Lys

Arg

Lys

Gly

Asp

140

Met

Pro

Gln

Val

Cys

220

Ser

Thr

Lys

Glu

Pro

300

Leu

Ile

Met

Leu

Ala

380

His

Pro

Ile

Ala

Pro

Asp

125

Met

Ser

Thr

Leu

Asp

205

Glu

Gly

Gln

Ala

Asn

285

Ser

Val

Ala

His

Pro

365

Gln

Glu

Met

His

Arg
445

Leu

110

Arg

Leu

Leu

Gly

Ile

190

Met

Gly

Thr

Glu

Ala

270

Leu

Lys

Val

Asn

Pro

350

Val

Arg

Ala

Tyr

Arg

430

Lys

Lys

Leu

Asn

Asn

Cys

175

Thr

Ile

Asn

Leu

His

255

Ala

Gly

Leu

Leu

Leu

335

Ser

Ala

Pro

Met

Leu

415

Thr

Asn

Asn

Leu

Glu

Tyr

160

Gly

Pro

Pro

Phe

Arg

240

Asn

His

Gly

His

His

320

Lys

Gln

Ile

Cys

Gln

400

Asn

Leu

Lys

Ala Arg Gly Leu His Ala Glu Ala

10

15

Arg Arg Arg Ala Arg Gln Arg Ser
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-continued

122

Gln

Ala

Ser

65

Arg

Tyr

Thr

Arg

145

Ser

Asn

Ala

Cys

Asp

225

Glu

Phe

Lys

Glu

Arg

305

Met

Leu

Leu

Leu

Arg
385
Glu

Gly

Leu

Gly

Ala

50

Ala

Ser

Glu

Glu

Met

130

Arg

Val

His

Val

Gly

210

Phe

Ile

Val

Gln

Leu

290

Trp

Ala

Met

Gln

Thr

370

Phe

Ile

Pro

Phe

Ala

35

Pro

Thr

Tyr

Ile

Val

115

Asp

Ala

Leu

Gln

Tyr

195

Arg

Tyr

Gln

Thr

Leu

275

Val

Glu

Val

Ala

Glu

355

Tyr

Met

Val

Phe

Asn
435

20

Ala

Ala

Pro

Gly

Lys

100

Asn

Ser

Glu

Glu

Pro

180

Leu

Phe

Phe

Phe

Tyr

260

Val

Ala

Arg

Gly

Arg

340

Trp

Glu

Glu

Leu

Arg
420

Asp

Pro

Arg

Leu

Leu

85

Tyr

Leu

Ser

Ile

Glu

165

Gly

Val

Tyr

His

Phe

245

Asp

Pro

Leu

Asp

Gln

325

Glu

Ala

Glu

Leu

Ala
405

Ile

Val

Gly

Gly

Leu

70

Met

His

Arg

Gln

Trp

150

Pro

Pro

Asp

Lys

His

230

Pro

Val

Phe

Ala

Pro

310

Gln

Leu

Leu

Leu

Tyr
390
Ala

Thr

Thr

Pro

Ala

55

Lys

Gln

Leu

Thr

Leu

135

Thr

Gln

Pro

Glu

His

215

Ile

Ile

Glu

Met

Arg

295

Leu

Phe

Trp

Glu

Lys

375

Ile

Gln

Arg

Phe

Ala

40

Gly

Ala

Cys

His

Leu

120

Arg

Trp

Gly

Leu

Val

200

Gln

Asn

Gly

Thr

Leu

280

Asp

Thr

Arg

Ala

Gln

360

Lys

Val

Val

Asn

Ala
440

25

Arg

Thr

His

Val

Leu

105

Pro

Ala

Leu

Glu

Leu

185

Gln

His

Ser

Ser

Tyr

265

Val

Leu

Phe

Leu

Ser

345

His

Leu

Gly

Ile

Phe
425

Leu

Ala

Ala

Arg

Asp

Lys

Pro

Leu

Pro

Ser

170

Lys

Pro

Glu

His

His

250

Thr

Met

Ala

Tyr

Phe

330

Phe

Gly

Pro

His

Asn
410

Met

Pro

Pro

Ala

Gly

75

Thr

His

Asp

Val

Arg

155

His

Phe

Val

Cys

Ser

235

Pro

Trp

Lys

Val

Cys

315

Arg

Met

Leu

His

Asn
395
Asn

Pro

Asn

Arg

Ala

60

Thr

Ala

Ala

Leu

Phe

140

Gly

Ala

Leu

Gln

Ser

220

Ser

Arg

Met

Phe

Arg

300

Val

Asp

Gln

Gln

Ile

380

Ile

Arg

Arg

Pro

Arg

45

Ala

Val

Thr

Leu

Asp

125

Ala

Leu

Gly

Leu

Arg

205

Val

Asn

Thr

Gly

Ser

285

Leu

Thr

Glu

Ala

Cys

365

Lys

Asn

Ala

Ala

Leu
445

30

Arg

Gly

Val

Asn

Thr

110

Leu

Leu

Val

Glu

Lys

190

Cys

Arg

Trp

Glu

Ser

270

Gly

Arg

Pro

Leu

Asn

350

Pro

Gly

Gly

Ser

Gly
430

Ser

Ala

Ser

Ala

Ser

95

Arg

Arg

Arg

Ser

His

175

Gly

Glu

Arg

Trp

Arg

255

Phe

Asp

Trp

Glu

Gln

335

Pro

Glu

Arg

Phe

Val
415

Lys

Lys

Ser

Ala

Pro

80

Pro

Phe

Asp

Pro

Leu

160

Glu

Arg

Tyr

Arg

Gln

240

Leu

Gly

Pro

Asp

Lys

320

Thr

His

Asp

Pro

Asp
400
Pro

Ile

Lys
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-continued

124

Arg

Phe

465

Thr

Glu

Gly

Lys

Gly

545

Met

Tyr

Asn

Arg

Pro

625

Ser

Glu

Thr

Leu

Ile

705

Ala

Ser

Glu

Arg

Lys

785

Arg

Leu

Lys

Ala

Thr

450

Lys

His

Lys

Ser

Asp

530

Glu

Asp

Ala

Ile

Gln

610

Ala

Ile

Pro

His

Ala

690

Asp

Asp

Arg

Val

Val

770

Cys

Ala

Ser

Ile

Ala
850

Asp

Tyr

Thr

Gly

Tyr

515

Asp

Ala

Val

His

Phe

595

Ile

Phe

Arg

Ile

Pro

675

Ala

Tyr

Pro

Lys

Ala

755

Arg

Val

Asp

Asn

Val
835

Gly

Phe

Gln

Ser

Cys

500

Arg

Glu

Gly

Leu

Phe

580

Gln

Val

Leu

Gly

Tyr

660

Met

Arg

Phe

Pro

Gly

740

Thr

Ile

Ala

Arg

Ala

820

Phe

Gln

Glu

Phe

Leu

485

Cys

Ala

Glu

Tyr

Val

565

Ile

Arg

Phe

Ala

Gly

645

Val

Pro

Glu

Asp

Asp

725

Gly

Ser

Val

Arg

Asp

805

Leu

Ser

Ala

Leu

Leu

470

Arg

Pro

Asp

Tyr

Asp

550

Thr

Arg

Pro

Arg

Pro

630

Arg

Tyr

Trp

Trp

Lys

710

Glu

Arg

Val

Pro

Glu

790

Lys

Tyr

Asp

Asn

Trp

455

Lys

Lys

Tyr

Asp

Ala

535

Ile

Ala

Asp

Thr

Ala

615

Ser

Cys

Asp

Gly

Gln

695

Glu

His

Leu

Asp

Asp

775

Tyr

Asn

Gly

Gln

Ile
855

Glu

Val

Ala

Lys

Arg

520

Leu

Ile

Glu

Ser

Ile

600

Glu

His

Tyr

Ile

Pro

680

Met

Leu

Leu

Cys

Leu

760

Glu

Val

Gln

Ser

Met

840

Lys

His

Met

Ala

Ala

505

Gly

Asn

Arg

Leu

Val

585

Ser

Gln

Glu

Pro

Cys

665

Pro

Ala

Cys

Leu

Trp

745

Val

Arg

Gln

Thr

Phe
825

Asp

Ser

Gly

Val

Gln

490

Val

Phe

Arg

Glu

Val

570

Arg

Ser

Pro

Leu

Thr

650

Gly

Leu

Leu

Pro

Asp

730

Thr

Thr

Thr

Leu

Met
810
Ala

Glu

Ser

Gly

Arg

475

Ala

Asn

Pro

Glu

Thr

555

Ala

Leu

Asn

Gln

Tyr

635

Tyr

Met

Asn

Asp

Gly

715

Val

Asn

Leu

Thr

Asn

795

Arg

Thr

Ser

Ser

Cys

460

Asp

Tyr

His

Leu

Leu

540

Leu

Lys

Pro

Ser

Arg

620

Asp

Ile

Tyr

Pro

Asp

700

Ile

Leu

Glu

His

Val

780

Ile

Ser

Lys

Leu

Phe
860

Asp

Thr

Ala

Phe

Arg

525

Trp

Asp

Leu

His

His

605

Thr

Tyr

Gly

Ala

Tyr

685

Ala

Phe

Pro

Pro

Asn

765

Phe

Ala

Ile

Leu

Leu

845

Leu

Asp

Phe

Leu

Tyr

510

Glu

Glu

Tyr

Gln

Ala

590

Ala

Asn

Val

Ile

Ser

670

Glu

Ser

Thr

Pro

Leu

750

Arg

Pro

Ala

Ala

Asp
830

Lys

Glu

Ser

Ala

Pro

495

Met

Tyr

Lys

Cys

Asp

575

His

Ile

Leu

Arg

Leu

655

Ala

Arg

Ser

Ile

Phe

735

Arg

Gly

Glu

Lys

Lys

815

Asn

Ser

Thr

Asp

Leu

480

Val

Leu

Trp

Lys

Ala

560

Ser

Phe

Phe

Gly

Ala

640

Ser

Leu

Ala

Lys

Asp

720

Cys

Gly

Trp

Trp

Glu

800

Leu

Lys

Ile

Asp
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-continued

126

Asn
865

Gln

Asp

Asp

945

Ala

Thr

Ser

Lys

Glu

Ala

Ala

Gly

Glu

Ala

Leu

Thr

Asp

Ser

Glu

Leu

Gln

Arg

Ala

Met

930

Arg

Phe

Ser

Leu

Lys

1010

Gln
1025
His
1040

Pro
1055

Arg
1070

Ala
1085

Gln
1100

Lys
1115

Val
1130

Met
1145

Arg
1160

Met
1175

Ser

Leu

Pro

Tyr

915

Cys

Tyr

Val

Leu

Phe

995

Arg

Pro

Cys

Lys

Ser

Leu

Gly

Arg

Thr

Thr

Ser

Pro

u Glu Arg Glu
875

a Glu Glu Ser

o Ser Gly Thr

Leu Asp Ala

925

1l Asp Pro Leu
940

955

Val Leu Ala

u Tyr Glu Glu

r Val Tyr Gly

Ala Glu Val Met Pro Ala Le
870
Ala Leu Val Asp Ser Asp Al
885 890
Ala Pro Phe Tyr Thr Pro Pr
900 905
Thr Tyr Lys Pro Ile Thr Phe
920
Leu His Thr Val Glu Lys Va
935
Pro Ser His Val Ala Ser Phe
950
Ser Glu Trp Ser Glu Phe Le
965 970
Gln Asp Arg Pro Ile Lys Se
980 985
Val Thr Glu Arg
1000
Ile Lys Lys Asn Gly Gly Lys
1015
Glu Leu Thr Trp Leu Val Glu
1030
Gly Ala Asp Ala Phe Ala Pro
1045
Leu Tyr Ala Leu Gln Ser Leu
1060
Ser Lys Gly Lys Leu Arg Ala
1075
Asn Tyr Glu Leu Met Val Asn
1090
Glu Asp Arg Ala Arg Phe Ser
1105
Thr Leu Ala Ser Ala Gln Pro
1120
Glu Thr Thr Leu Thr Arg Thr
1135
Leu Ala Ala Leu Asp Ala His
1150
Arg Pro Asn Pro Arg Asn Glu
1165

<210> SEQ ID NO 9
<211> LENGTH: 12
<212> TYPE:
<213> ORGANISM: Adenovirus type 36

PRT

<400> SEQUENCE:

Met Arg Ala Asp Trp Glu Glu Leu

1

Val Ala Val Asp Val Met Lys Val

Leu Val Leu Met Leu Val Lys Ala
40

35

20

9

9

5

25

10

Leu

Cys

Glu

Leu

Lys

Cys

Thr

Gly

Leu

Arg

Glu

10

Val
1020

Glu
1035

Ser
1050

Cys
1065

Gly
1080

Tyr
1095

Ser
1110

Ala
1125

Arg
1140

Leu
1155

Val
1170

45

Tyr

Glu

Pro

910

Glu

Val

Trp

Asp

Asp

990

Gly His Arg Leu Met Glu

05

Phe

Thr

Val

Pro

His

Leu

Arg

Pro

Val

Cys

30

Leu Pro

Asp
895

880

Glu

Gly His

Glu Gly

Asp

Thr

Arg

975

Thr

Asp

Val

Phe

Ala

Ala

Ala

Met

Pro

Trp

Pro

Trp

15

Asn
Arg
960

Gly

Asp

Thr Arg Gly

Pro

Cys

Leu

Cys

Ala

Asp

Ser

Phe

Lys

Tyr

Ile

Asp Phe Leu Pro Pro Val Gly Arg

Glu Ile Pro Pro Ala Asn Arg Ala

Ser Ala Val Leu Ala Ala Leu His
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-continued

128

Gly

Leu

65

Gly

Arg

Glu

Thr

<210>
<211>
<212>
<213>

<400>

Leu

50

Gln

Leu

Glu

Gly

Tyr

Glu

Thr

Pro

Ala
115

Leu

Trp

Leu

Gly

100

Gln

PRT

SEQUENCE :

Met Ala Leu Ser

1

Pro

Arg

Ser

Pro

65

Pro

Tyr

Thr
Asp
145

Arg

Leu

Trp

Leu

225

Tyr

Cys

Arg

Thr

Glu

Arg

Gly

His

Val

Gln

Tyr

130

Phe

Val

Thr

Met

Gly

210

Val

Ile

Leu

Phe

Met

Phe

35

Tyr

Ala

Phe

Phe

Pro

115

Thr

Gln

Val

Arg

His

195

Met

Leu

Ile

Ser

Ser
275

Asp

20

Pro

Leu

Pro

Leu

Asp

100

Gly

Ile

Asp

Ala

Met

180

Asp

Ala

Leu

Ser

Leu
260

Asp

Ile

Arg

Gly

85

Pro

Leu

SEQ ID NO 10
LENGTH:
TYPE :
ORGANISM: Adenovirus type

635

10

Val

Tyr

Arg

Tyr

Ala

Val

85

Ser

Leu

Asn

Thr

Asp

165

Glu

Tyr

Glu

Ala

Asn
245

Pro

Pro

His

Pro

70

Leu

Asp

Gly

Asn

Phe

Ala

Gly

Thr

70

Gly

Arg

Gln

Thr

Leu

150

Leu

Asp

Tyr

Arg

Thr
230
Arg

Cys

Val

Glu

55

Trp

Leu

Leu

Ala

Asp

Leu

Ser

Tyr

55

Gln

Tyr

Ala

Thr

Gly

135

Thr

Ala

Ser

Lys

Leu

215

Ile

Asn

Asp

Asp

Ile

Leu

Glu

Gly

Val
120

Cys

Pro

Thr

40

His

Arg

Gln

Phe

Val

120

Ala

Arg

Leu

Ala

Asn

200

Arg

Arg

Ser

Cys

Leu
280

His

Val

Asp

Ala

105

His

36

Ala

Leu

25

Thr

Arg

Trp

Tyr

Ser

105

Asn

Tyr

Val

Val

Ser

185

Leu

Ile

Arg

Asn

Asp
265

Asp

Ser

Val

Gly

90

Ala

Gly

Arg

10

Arg

Ala

Leu

Pro

Leu

90

Arg

Trp

His

Gln

Gln

170

Ala

Ser

Gln

Leu

Ser
250

Trp

Ala

Ala

Phe

75

Glu

Gly

Val

Leu

Asn

Ala

Met

Leu

75

Val

Leu

Ser

Arg

Gln

155

Pro

Ser

Arg

Gln

Lys
235
Val

Leu

Leu

Ser

Met

Ala

Ala

Ala

Thr

Ile

Gly

Leu

60

Tyr

Arg

Arg

Leu

Phe

140

Ala

Leu

Asp

Cys

Ala

220

Asn

His

Asp

Thr

Leu

Phe

Asp

Glu

Glu
125

Gly

Trp

Ile

45

Glu

Arg

Thr

Tyr

Met

125

Val

Ile

Arg

Asp

Gln

205

Gly

Ala

Arg

Ala

Ser
285

Glu

Ala

Glu

Ser

110

Ile

Gln

Asn

30

Thr

Asp

Gln

Cys

Ser

110

Ala

Asp

Leu

Gly

Ile

190

Gly

Pro

Tyr

Ala

Phe
270

Pro

Glu

Cys

Pro

95

Glu

Gln

Thr

15

Arg

Trp

Leu

Pro

Asn

95

Glu

Asn

Met

Ala

Val

175

Glu

Gln

Lys

Phe

Ala
255

Leu

Thr

Glu

Val

80

Ala

Asp

Gly

Val

Val

Met

Ala

Pro

80

Asp

Val

Cys

Asp

Glu

160

Gly

Arg

Ala

Asp

Asn
240
Thr

Glu

Pro
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-continued

130

Gln

Pro

305

Arg

Glu

Arg

Glu

Glu

385

Asp

Ser

Ala

465

Arg

Glu

Asp

Glu

Gly

545

Ile

Ala

Leu
625

<210>
<211>
<212>
<213>

<400>

Leu

290

Pro

Glu

Met

Arg

Val

370

Arg

Glu

Asp

Glu

Ile

450

Val

Ala

Ser

Leu

Glu

530

Asp

Asp

Phe

His

Ala

610

Pro

Ile

His

Arg

Ile

Ala

355

Val

Glu

Leu

Phe

Met

435

Ala

Phe

Arg

Gly

Ala

515

Ile

Val

Ser

Thr

Ala

595

Asp

Pro

Arg

Tyr

Gly

Glu

340

Pro

Met

Val

Thr

Tyr

420

Pro

Thr

Thr

Asp

Leu

500

Ala

Glu

Gln

Val

Gln

580

Ser

Val

Gly

PRT

SEQUENCE :

Cys

Arg

Arg

325

Arg

Pro

Glu

Arg

Val

405

Glu

Leu

Thr

Arg

Ala

485

Gly

Thr

Gln

Glu

Glu

565

Arg

Ala

Pro

Ala

SEQ ID NO 11
LENGTH:
TYPE :
ORGANISM: Adenovirus type

372

11

Ile

Glu

310

Ala

Phe

Pro

Glu

Ala

390

Ser

Ala

Arg

Leu

His

470

Asp

Ala

Val

Phe

Ile

550

Leu

Arg

Leu

Leu

Arg
630

Val

295

Met

Val

Val

Pro

Glu

375

Thr

Ala

Met

Arg

Asn

455

Val

Gly

Phe

Glu

Met

535

Leu

Ser

Gln

Arg

Pro

615

Pro

Ser

Thr

Thr

Asp

Pro

360

Glu

Ile

Arg

Glu

Trp

440

Tyr

Glu

Asp

Ser

Arg

520

Ser

Arg

Phe

Ile

Ala

600

Pro

Arg

Met His Pro Val Leu Arg Gln Met

1

5

Ala Thr Ala Ala Val Thr Gly Ala

Ala Leu Ser Leu
300

Gly Gly Val Phe
315

Glu Thr Met Arg
330

Arg Leu Pro Val
345

Pro Pro Glu Glu
Glu Glu Glu Val
380

Ala Glu Leu Ile
395

Asn Ala Gln Phe
410

Arg Leu Glu Ala
425

Ile Met Tyr Phe
Leu Phe Gln Arg
460

Leu Asn Leu Ala
475

Val Val Tyr Ser
490

Gln Leu Met Gly
505

Ala Gly Arg Gly
Glu Ile Ala Tyr
540

Gln Ala Ala Val
555

Arg Phe Lys Val
570

Gln Asp Val Asn
585

Gln His Arg Asp

Leu Pro Ala Gly
620

His Arg Phe
635

36

Pro

Thr

Arg

Arg

Glu

365

Pro

Arg

Phe

Ile

Phe

445

Leu

Gln

Arg

Arg

Asp

525

Gln

Asn

Thr

Arg

Leu

605

Pro

Asn

Leu

Arg

Arg

350

Ile

Gly

Leu

Asn

Gly

430

Val

Arg

Val

Val

Ile

510

Leu

Asp

Asp

Gly

Arg

590

Pro

Glu

Gly

Arg

Arg

335

Arg

Glu

Asp

Leu

Phe

415

Asp

Thr

Asn

Val

Trp

495

Ser

Gln

Asn

Ala

Pro

575

Val

Glu

Pro

Asp

Pro

320

Gly

Arg

Glu

Phe

Glu

400

Ala

Ile

Glu

Tyr

Met

480

Asn

Asn

Glu

Ser

Glu

560

Val

Val

Arg

Pro

Arg Pro Thr Pro Pro Ala Thr Thr

10

15

Gly Ala Ser Gln Pro Gln Thr Glu
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-continued

132

Met

Pro

Tyr

65

Glu

Gly

Glu

Leu

Lys

145

Ala

Asn

Glu

Ile

225

Ile

Tyr

Phe

Gly

Arg

305

Leu

Ala

Gly

Asp

Glu

50

Val

Glu

Leu

Gln

Val

130

Ser

Leu

Pro

Ser

Pro

210

Val

Asn

Lys

Tyr

Val

290

Arg

Val

Asp

Pro

Ala
370

Leu

35

Arg

Pro

Met

Asp

Thr

115

Thr

Phe

Gly

Asp

Arg

195

Glu

Val

Tyr

Thr

Met

275

Tyr

Glu

Gly

Leu

Glu

355

Gly

20

Glu

His

Ala

Arg

Arg

100

Gly

Ala

Asn

Leu

Ser

180

Asp

Gly

Gln

Ser

Pro

260

Arg

Arg

Leu

Gly

His

340

Asp

Tyr

Glu

Pro

Gln

Asp

Gln

Ile

Tyr

Asn

Met

165

Lys

Asn

Arg

Glu

Val

245

Tyr

Met

Asn

Ser

Ala

325

Trp

Leu

<210> SEQ ID NO 12

<211> LENGTH:

<212> TYPE:
<213> ORGANISM: Adenovirus type 36

PRT

<400> SEQUENCE:

561

12

Gly

Arg

Asn

70

Cys

Arg

Ser

Glu

His

150

His

Pro

Glu

Trp

Arg

230

Leu

Val

Ala

Asp

Asp

310

Ala

Gln

Asp

Glu

Val

55

Leu

Arg

Val

Pro

Gln

135

Val

Leu

Leu

Ala

Leu

215

Ser

Ser

Pro

Leu

Arg

295

Arg

Gly

Pro

Glu

Gly

40

Gln

Phe

Phe

Leu

Ala

120

Thr

Arg

Trp

Thr

Phe

200

Leu

Leu

Leu

Ile

Lys

280

Ile

Glu

Gly

Ser

Asp
360

25

Leu

Leu

Arg

Arg

Arg

105

Arg

Val

Thr

Asp

Ala

185

Arg

Glu

Ser

Gly

Asp

265

Val

His

Leu

Glu

Arg

345

Glu

Ala

Gln

Asp

Ala

Asp

Ala

Lys

Leu

Leu

170

Gln

Glu

Leu

Leu

Lys

250

Lys

Leu

Lys

Met

Glu

330

Arg

Glu

Arg

Lys

Arg

75

Gly

Glu

His

Gln

Ile

155

Ala

Leu

Ala

Ile

Ala

235

Phe

Glu

Thr

Ala

Leu

315

Ser

Ala

Glu

Leu

Asp

60

Ser

Arg

Asp

Val

Glu

140

Ala

Glu

Phe

Leu

Asn

220

Glu

Tyr

Val

Leu

Val

300

Ser

Tyr

Leu

Glu

Gly

45

Val

Gly

Glu

Phe

Ala

125

Arg

Arg

Ala

Leu

Leu

205

Ile

Lys

Ala

Lys

Ser

285

Ser

Leu

Phe

Glu

Glu
365

30

Ala

Arg

Glu

Leu

Glu

110

Ala

Asn

Glu

Ile

Val

190

Asn

Leu

Val

Arg

Ile

270

Asp

Thr

Arg

Asp

Ala

350

Asp

Pro

Pro

Glu

Arg

Pro

Ala

Phe

Glu

Val

175

Val

Ile

Gln

Ala

Lys

255

Asp

Asp

Ser

Arg

Met

335

Ala

Ala

Ser

Ala

Pro

80

Glu

Asn

Asn

Gln

Val

160

Gln

Gln

Ala

Ser

Ala

240

Ile

Ser

Leu

Arg

Ala

320

Gly

Tyr

Pro

Met Ser Gln Gln Ala Pro Asp Pro Ala Ile Arg Ala Ala Leu Gln Ser

1

5

10

15
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-continued

134

Gln

Ile

Gln

Thr

65

Glu

Leu

Leu

Arg

Leu

145

Asn

Glu

Gly

Leu

Leu

225

Thr

Thr

Phe

Asp

Lys

305

Arg

Thr

Met

Asn
385

Met

Gly

Pro

Met

Ala

50

Asn

Asn

Leu

Asp

Phe

130

Ala

Phe

Val

Leu

Trp

210

Leu

Asp

Leu

Gln

Ser

290

Ile

Tyr

Pro

Tyr

Arg

370

Pro

Pro

Phe

Ala

Ser

Ala

35

Asn

Pro

Lys

Glu

Arg

115

Lys

Thr

Ile

Tyr

Gln

195

Gly

Thr

Ser

Tyr

Glu

275

Leu

Pro

Val

Ser

Ala

355

Ala

His

Asp

Ser

Val

Gly

Leu

Arg

Thr

Ala

Arg

100

Leu

Asn

Gln

Ser

Gln

180

Thr

Val

Pro

Gly

Arg

260

Ile

Arg

Ala

Gln

Ala

340

Ala

Ala

Trp

Pro

Pro
420

Gly

Leu

Thr

Leu

His

Ile

Val

Val

Glu

Pro

Ala

165

Ser

Val

Gln

Asn

Ser

245

Glu

Thr

Ala

Gln

Gln

325

Ala

Asn

Ala

Leu

Asn
405

Thr

Arg

Ala

Thr

Ser

Glu

70

Arg

Gly

Thr

Gly

Ala

150

Leu

Gly

Asn

Ala

Ser

230

Val

Ala

Ser

Thr

Tyr

310

Ser

Leu

Arg

Met

Pro
390
Asp

Phe

Ser

Ser

Arg

Ala

55

Lys

Pro

Arg

Asp

Leu

135

Asn

Arg

Pro

Leu

Pro

215

Arg

Asn

Ile

Val

Leu

295

Ala

Val

Asp

Pro

Asn

375

Pro

Gly

Gln

Pro

Asp

Asn

40

Ile

Val

Asp

Tyr

Val

120

Gly

Val

Leu

Asp

Ser

200

Val

Leu

Arg

Gly

Ser

280

Asn

Leu

Gly

Met

Phe

360

Thr

Pro

Phe

Lys

Phe

Asp

Pro

Leu

Leu

Glu

Asn

105

Arg

Ser

Pro

Met

Tyr

185

Gln

Gly

Leu

Asn

Gln

265

Arg

Phe

Ser

Leu

Thr

345

Ile

Asp

Gly

Leu

Arg
425

Pro

Trp

Glu

Glu

Ala

Ala

Ser

Glu

Leu

Arg

Val

170

Phe

Ala

Asp

Leu

Ser

250

Ala

Ala

Leu

Ala

Phe

330

Ala

Asn

Tyr

Phe

Trp
410

Gln

Ser

Glu

Ser

Ala

Ile

75

Gly

Thr

Ala

Val

Gly

155

Thr

Phe

Phe

Arg

Leu

235

Tyr

Gln

Leu

Leu

Glu

315

Leu

Arg

Lys

Phe

Tyr
395
Asp

Glu

Leu

Ala

Phe

Val

60

Val

Leu

Asn

Val

Ala

140

Gln

Glu

Gln

Lys

Ser

220

Leu

Leu

Val

Gly

Thr

300

Glu

Met

Asn

Leu

Thr

380

Thr

Asp

Ala

Gly

Ala

Arg

45

Val

Asn

Val

Val

Ala

125

Leu

Asp

Val

Thr

Asn

205

Thr

Ile

Gly

Asp

Gln

285

Asn

Glu

Gln

Met

Met

365

Asn

Gly

Val

Pro

Ser

Met

30

Gln

Pro

Ala

Tyr

Gln

110

Gln

Asn

Asp

Pro

Ser

190

Leu

Val

Ala

His

Glu

270

Asn

Arg

Arg

Glu

Glu

350

Asp

Ala

Glu

Asp

Pro
430

Leu

Gln

Gln

Ser

Leu

Asn

95

Ser

Arg

Ala

Tyr

Gln

175

Arg

Arg

Ser

Pro

Leu

255

Gln

Asp

Gln

Ile

Gly

335

Pro

Tyr

Ile

Tyr

Ser
415

Ser

His

Arg

Pro

Arg

Ala

80

Ala

Asn

Glu

Phe

Thr

160

Ser

Gln

Gly

Ser

Phe

240

Leu

Thr

Thr

Gln

Leu

320

Ala

Ser

Leu

Leu

Asp
400
Ala

Glu

Ser
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-continued

136

Leu

Gly

465

Lys

Asn

Pro

Glu

Gly

545

Phe

Pro

450

Glu

Asn

Arg

Arg

Asp

530

Ala

435

Gly

Asp

Ala

Trp

Arg

515

Ser

Asn

Ser

Glu

Met

Lys

500

Gln

Ala

Pro

Val

Tyr

Ala

485

Thr

Arg

Asp

Phe

<210> SEQ ID NO 13

<211> LENGTH:

<212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Met Arg Arg Ala

1

Val

Met

Pro

Asp

65

Thr

Thr

Ile

Lys

Asp

145

Phe

Met

Gly

Arg

Thr
225

Met

Ala

Gln

50

Ile

Val

Ile

Leu

Phe

130

Ala

Thr

Asn

Val

Leu
210

Tyr

Asp

Ala

Pro

35

Tyr

Ala

Val

Asn

His

115

Lys

Ser

Leu

Asn

Leu
195
Gly

Glu

Phe

Gln

20

Thr

Asp

Ser

Gln

Phe

100

Thr

Ala

Asp

Pro

Ala

180

Glu

Trp

Ala

Thr

520

Asn

Leu

470

Asn

Tyr

His

Asp

Ala
550

Ser

455

Asn

Asn

Ala

Asp

Ser

535

His

440

Gly

Asp

Gly

Gln

Arg

520

Ser

Leu

Adenovirus type

13

Val

Ala

Glu

Thr

Leu

Asn

85

Asp

Asn

Arg

Leu

Glu

165

Ile

Ser

Asp

Phe

Glu

Val

Thr

Gly

Thr

Asn

70

Asn

Glu

Met

Val

Ser

150

Gly

Leu

Asp

Pro

His
230

Ser

Ser

Leu

Arg

Arg

55

Tyr

Asp

Arg

Pro

Met

135

Lys

Asn

Glu

Ile

Val
215

Pro

Arg

Ser

Glu

Asn

40

Val

Gln

Phe

Ser

Asn

120

Val

Asp

Phe

Asn

Gly
200
Thr

Asp

Leu

Arg

Ser

Ile

Asp

505

Gln

Val

Gln

36

Ser

Val

Ser

Tyr

Asn

Thr

Arg

105

Val

Ala

Ile

Ser

Tyr

185

Val

Lys

Val

Ser

Val

Leu

Glu

490

His

Arg

Leu

Pro

Pro

10

Pro

Ile

Leu

Asp

Pro

90

Trp

Asn

Arg

Leu

Glu

170

Leu

Lys

Leu

Val

Asn

Ser

Leu

475

Ser

Arg

Gly

Asp

Arg
555

Pro

Phe

Arg

Val

His

75

Ala

Gly

Glu

Lys

Glu

155

Thr

Gln

Phe

Val

Leu
235

Leu

Arg

460

Gln

Leu

Glu

Leu

Leu

540

Leu

Pro

Val

Tyr

Asp

60

Ser

Glu

Gly

Tyr

His

140

Tyr

Met

Val

Asp

Met
220

Leu

Leu

445

Pro

Pro

Val

Pro

Val

525

Gly

Gly

Ser

Pro

Ser

45

Asn

Asn

Ala

Asp

Met

125

Pro

Lys

Thr

Gly

Ser
205
Pro

Pro

Gly

Arg

Pro

Asp

Ala

510

Trp

Gly

Arg

Tyr

Pro

30

Glu

Lys

Phe

Ser

Leu

110

Phe

Lys

Trp

Ile

Arg

190

Arg

Gly

Gly

Ile

Leu

Arg

Lys

495

Pro

Asp

Ser

Arg

Glu

15

Arg

Leu

Ser

Leu

Thr

95

Lys

Thr

Asp

Phe

Asp

175

Gln

Asn

Val

Cys

Arg

Leu

Val

480

Leu

Ala

Asp

Gly

Met
560

Ser

Tyr

Ala

Ala

Thr

80

Gln

Thr

Ser

Val

Glu

160

Leu

Asn

Phe

Tyr

Gly

240

Lys
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-continued

138

Lys

Gly

Lys

Asp

305

Lys

Ser

Arg

Gln

Gln

385

Arg

Met

Gln

Pro

465

Arg

Arg

Arg

Gln

Gly

Lys

290

Gly

Ala

Asn

Ser

Ser

370

Val

Ser

Pro

Leu

Asp

450

Ser

Ser

Arg

Val

Pro

Asn

275

Glu

Ala

Ala

Arg

Trp

355

Trp

Tyr

Thr

Phe

Ile

435

Asn

Glu

Ser

Thr

Leu
515

Phe

260

Ile

Leu

Val

Glu

Ser

340

Tyr

Thr

Trp

Gln

Arg

420

Arg

Gln

Asn

Ile

Cys

500

Ser

245

Gln

Pro

Glu

Thr

Lys

325

Tyr

Leu

Leu

Ser

Gln

405

Ala

Ser

Ile

Val

Arg

485

Pro

Ser

<210> SEQ ID NO 14

<211> LENGTH:

<212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Met
1

Arg

Pro

Arg

65

Ser

Ser

Pro

Val

Gly

50

Ile

Thr

Ile

Ser

Arg

35

Arg

Asp

Val

Leu

Thr

20

Val

Thr

Ser

Asp

195

Glu

Ala

Asp

Arg

310

Glu

Asn

Ser

Leu

Leu

390

Val

Lys

Tyr

Leu

Pro

470

Gly

Tyr

Arg

Gly

Leu

Ala

295

Gly

Leu

Leu

Tyr

Thr

375

Pro

Ser

Ser

Thr

Cys

455

Ala

Val

Val

Thr

Phe

Leu

280

Ala

Asp

Val

Ile

Thr

360

Thr

Asp

Asn

Phe

Ser

440

Arg

Leu

Gln

Tyr

Phe
520

Adenovirus type

14

Ile

Met

Arg

Ala

Val

Ala
85

Ser

Tyr

Gly

Thr

Val

70

Val

Pro

Gly

His

Ala

55

Ala

Ile

Ser

Gly

Phe

40

Ala

Asp

Asp

Arg

265

Asp

Lys

Thr

Ile

Lys

345

Tyr

Pro

Leu

Tyr

Tyr

425

Leu

Pro

Thr

Arg

Lys
505

36

Asn

Ala

25

Arg

Ala

Ala

Ser

250

Ile

Thr

Glu

His

Val

330

Asp

Gly

Asp

Met

Pro

410

Asn

Thr

Pro

Asp

Val

490

Ala

Asn

10

Lys

Ala

Val

Arg

Val
90

Met

Lys

Ala

Leu

315

Pro

Thr

Asp

Val

Gln

395

Val

Asp

His

Ala

His

475

Thr

Leu

Thr

Lys

Pro

Arg

Asn

75

Val

Tyr

Lys

Ala

300

Thr

Ile

His

Pro

Thr

380

Asp

Val

Leu

Val

Pro

460

Gly

Val

Gly

Gly

Arg

Trp

Thr

60

Tyr

Ala

Glu

Tyr

285

Lys

Val

Glu

Asp

Glu

365

Cys

Pro

Gly

Ala

Phe

445

Thr

Thr

Thr

Ile

Trp

Ser

Gly

45

Thr

Thr

Asp

Asp

270

Leu

Gln

Ala

Lys

Thr

350

Lys

Gly

Val

Ala

Val

430

Asn

Ile

Leu

Asp

Val
510

Gly

Gln

30

Ala

Val

Pro

Ala

255

Leu

Asp

Gln

Gln

Asp

335

Leu

Gly

Ala

Thr

Glu

415

Tyr

Arg

Thr

Pro

Ala

495

Ala

Leu
15

Gln

Tyr

Asp

Ala

Arg
95

Glu

Ser

Gly

Glu

320

Glu

Tyr

Val

Glu

Phe

400

Leu

Ser

Phe

Thr

Leu

480

Arg

Pro

Thr

His

Lys

Asp

Pro

80

Asp
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-continued

140

Tyr

Ser

Arg

Ala

145

Ala

Pro

Ala

Thr

Thr

130

Pro

Ala

Arg

Arg

Arg

Pro

115

Gly

Pro

Ile

Asp

Pro
195

Arg

100

Ala

Arg

Ala

Ser

Ser
180

Lys

Met

Arg

Gly

Ser

165

Val

<210> SEQ ID NO 15

<211> LENGTH:

<212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Met

1

Glu

Lys

Phe

65

Ser

Ile

Arg

Pro

Ala

145

Tyr

Pro

Gln

Glu

225

Thr

Gly

Ser

Ile

Lys

Ala

50

Leu

Val

Leu

Ser

Thr

130

Val

Pro

Leu

Ile

Ile

210

Val

Phe

Ala

Lys

Tyr

Lys

35

Pro

Arg

Arg

Asp

Arg

115

Pro

Leu

Thr

Asp

Lys

195

Pro

Gln

Thr

Ala

Arg

Gly

20

Asp

Arg

Pro

Ser

Gln

100

Glu

Ser

Leu

Met

Thr

180

Gln

Thr

Thr

Ala

Ser
260

332

Ser

Arg

Ala

Arg

150

Met

Thr

Arg

Ala

Met

135

Thr

Thr

Gly

Arg

Ala

120

Met

Arg

Arg

Val

Adenovirus type

15

Lys

Pro

Glu

Arg

Gly

Lys

85

Ala

Glu

Leu

Pro

Gln

165

Val

Val

Asp

Asp

Ala
245

Arg

Ile

Pro

Val

Arg

Thr

70

Arg

Ala

Glu

Lys

Ser

150

Ile

Lys

Ala

Met

Pro
230

Thr

Leu

Lys

Asp

Asp

Val

55

Ala

Ser

Glu

Leu

Pro

135

Arg

Met

Met

Pro

Asp

215

Trp

Ala

Met

Glu

Gln

Glu

40

Asn

Val

Tyr

Arg

Ile

120

Val

Gly

Val

Asp

Gly

200

Val

Leu

Thr

Pro

Arg

105

Arg

Arg

Arg

Pro

Arg
185

36

Glu

Lys

25

Gly

Trp

Val

Asp

Ala

105

Ser

Thr

Val

Pro

Val

185

Leu

Asp

Pro

Glu

Asn
265

Arg

Ala

Ala

Arg

Arg

170

Val

Met

10

Pro

Ala

Lys

Phe

Glu

90

Gly

Leu

Leu

Lys

Lys

170

Glu

Gly

Lys

Ala

Pro
250

Tyr

Ile

Leu

Ala

Ala

155

Arg

Pro

Leu

Arg

Val

Gly

Thr

75

Val

Glu

Pro

Gln

Arg

155

Arg

Pro

Val

Lys

Ser
235

Pro

Val

Ala

Leu

Arg

140

Ala

Gly

Val

Gln

Lys

Glu

Arg

60

Pro

Tyr

Phe

Leu

Gln

140

Glu

Arg

Glu

Gln

Pro
220
Thr

Arg

Leu

Arg

Arg

125

Arg

Ala

Asn

Arg

Val

Ile

Phe

45

Arg

Gly

Gly

Ala

Asp

125

Val

Gly

Arg

Val

Thr

205

Ser

Ala

Arg

His

Arg

110

Arg

Ala

Ala

Val

Thr
190

Val

Lys

30

Val

Val

Glu

Asp

Tyr

110

Glu

Leu

Glu

Val

Lys

190

Val

Thr

Thr

Arg

Pro
270

His

Ala

Ala

Ala

Tyr

175

Arg

Ala

15

Arg

Arg

Gln

Arg

Asp

95

Gly

Ser

Pro

Ser

Glu

175

Val

Asp

Ser

Val

Arg
255

Ser

Arg

Arg

Thr

Ala

160

Trp

Pro

Pro

Val

Glu

Arg

Ser

80

Asp

Lys

Asn

Gln

Met

160

Asp

Arg

Ile

Ile

Ser
240

Trp

Ile
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-continued

142

Ile

Arg

Ala
305

Pro

Pro

290

Pro

Leu

Thr

275

Ala

Ala

Pro

Pro

Ala

Arg

Thr

Gly Tyr

Lys Arg

Val Arg
310

Val Arg
325

<210> SEQ ID NO 16

<211> LENGTH:

<212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Met

1

Arg

Arg

Leu

Ser
65

<210>
<211>
<212>
<213>

<400>

Ala

Ser

Arg

Ile

50

Val

Leu

Arg

Arg

35

Pro

Ala

Met Glu Asp

1

Pro

Gly

Ser

Gln
65

Gln

Thr

Lys

Pro

145

Ile

Leu

Phe

Ala

Thr

50

Leu

Asp

Ala

Val

Arg

130

Pro

Ile

Pro

Met

Phe

35

Leu

Leu

Gly

Val

Val

115

Pro

Ser

Ala

Pro

Thr

Arg

20

Ala

Ile

Leu

PRT

SEQUENCE :

Ile

Gly

20

Asn

Arg

Arg

Leu

Gln

100

Glu

Arg

Tyr

Pro

Pro
180

74

Arg
Arg
295

Arg

Tyr

Gly
280
Arg

Val

His

Adenovirus type

16

Cys Arg

Arg Arg

Met Arg

Ile Ala

Gln Ala
70

SEQ ID NO 17
LENGTH:
TYPE :
ORGANISM: Adenovirus type

234

17

Asn Phe

Thr Trp

Trp Ser

Thr Tyr

Glu Lys
70

Ala Ser
85

Arg Glu

Met Glu

Pro Asp

Glu Glu
150

Leu Ala
165

Pro Thr

Leu

Gly

Arg

Ala

55

Ser

Ala

Asn

Ser

Gly

55

Leu

Gly

Ile

Asp

Ala

135

Ala

Thr

Pro

Arg

Met

Arg

40

Ala

Gln

Ser

Glu

Val

40

Asn

Lys

Ile

Asn

Ala

120

Glu

Val

Gly

Ala

Thr

Arg

Thr

Pro

36

Ile

Ala

Leu

Ile

Arg

36

Leu

Ile

Trp

Lys

Asp

Asn

Ser

105

Thr

Glu

Lys

Val

Pro
185

Arg

Thr

Thr

Ser
330

Pro

10

Gly

Ser

Gly

Arg

Ala

10

Gly

Ser

Ala

Gln

Gly

Arg

Leu

Thr

Ala

Met

170

Pro

Tyr

Ala

Arg

315

Ile

Val

Ser

Gly

Thr

Pro

Thr

Gly

Trp

Asn

75

Val

Leu

Pro

Ile

Gly
155

Lys

Lys

Tyr
Thr
300

Arg

Leu

Pro

Gly

Gly

Ile
60

Arg

Ser

Leu

Asn

60

Phe

Val

Asp

Pro

Leu

140

Met

Pro

Ala

Ala
285
Arg

Gly

Asn

Leu

Phe

45

Pro

His

Gln

Lys

45

Ser

Gln

Asp

Pro

Pro

125

Gln

Pro

Ala

Ala

Ser

Arg

Arg

Tyr
Asn
30

Leu

Gly

Gly

Leu

30

Asn

Ser

Gln

Ile

Arg

110

Lys

Val

Thr

Thr

Pro
190

Arg

Arg

Ser

Arg
15
Arg

Pro

Ile

Thr

15

Asn

Phe

Thr

Lys

Ala

Pro

Gly

Asp

Thr

Leu
175

Val

Arg

Leu

Leu
320

Gly

Arg

Ala

Ala

Arg

Gly

Gly

Gly

Val

80

Asn

Pro

Glu

Glu

Arg
160

Asp

Val



US 9,254,320 B2
143 144

-continued

Gln Ala Pro Pro Val Ala Thr Ala Val Arg Arg Val Pro Ala Arg Arg
195 200 205

Gln Ala Gln Asn Trp Gln Ser Thr Leu His Ser Ile Val Gly Leu Gly
210 215 220

Val Lys Ser Leu Lys Arg Arg Arg Cys Tyr
225 230

<210> SEQ ID NO 18

<211> LENGTH: 944

<212> TYPE: PRT

<213> ORGANISM: Adenovirus type 36

<400> SEQUENCE: 18

Met Ala Thr Pro Ser Met Met Pro Gln Trp Ala Tyr Met His Ile Ala
1 5 10 15

Gly Gln Asp Ala Ser Glu Tyr Leu Ser Pro Gly Leu Val Gln Phe Ala
20 25 30

Arg Ala Thr Asp Thr Tyr Phe Ser Leu Gly Asn Lys Phe Arg Asn Pro
35 40 45

Thr Val Ala Pro Thr His Asp Val Thr Thr Asp Arg Ser Gln Arg Leu
50 55 60

Thr Leu Arg Phe Val Pro Val Asp Arg Glu Asp Thr Thr Tyr Ser Tyr
65 70 75 80

Lys Ala Arg Phe Thr Leu Ala Val Gly Asp Asn Arg Val Leu Asp Met
85 90 95

Ala Ser Thr Tyr Phe Asp Ile Arg Gly Val Leu Asp Arg Gly Pro Ser
100 105 110

Phe Lys Pro Tyr Ser Gly Thr Ala Tyr Asn Ser Leu Ala Pro Lys Gly
115 120 125

Ala Pro Asn Ser Ser Gln Trp Thr Asp Lys Glu Arg Gln Asn Gly Gly
130 135 140

Gln Pro Pro Thr Thr Lys Asp Val Thr Lys Thr Phe Gly Val Ala Ala
145 150 155 160

Arg Gly Gly Leu His Ile Thr Asp Lys Gly Leu Gln Ile Gly Glu Asp
165 170 175

Glu Asn Asn Glu Asp Gly Glu Glu Glu Ile Tyr Ala Asp Lys Thr Phe
180 185 190

Gln Pro Glu Pro Gln Val Gly Glu Glu Asn Trp Gln Asp Thr Asp Val
195 200 205

Phe Tyr Gly Gly Arg Ala Leu Lys Lys Glu Thr Lys Met Lys Pro Cys
210 215 220

Tyr Gly Ser Phe Ala Arg Pro Thr Asn Glu Lys Gly Gly Gln Ala Lys
225 230 235 240

Phe Leu Asn Gly Glu Asn Gly Gln Pro Ser Lys Asp Gln Asp Ile Thr
245 250 255

Leu Ala Phe Phe Asp Leu Lys Gln Asn Asp Thr Gly Thr Thr Gln Asn
260 265 270

Gln Pro Asp Val Val Met Tyr Thr Glu Asn Val Tyr Leu Glu Thr Pro
275 280 285

Asp Thr His Val Val Tyr Lys Pro Gly Lys Glu Asp Thr Ser Ser Ala
290 295 300

Ala Asn Leu Thr Gln Gln Ser Met Pro Asn Arg Pro Asn Tyr Ile Gly
305 310 315 320

Phe Arg Asp Asn Phe Val Gly Leu Met Tyr Tyr Asn Ser Thr Gly Asn
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-continued

146

Met

Leu

Leu

Ser

385

Glu

Ala

Lys

Leu

Leu

465

Pro

Asn

Gly

Gly

545

Ile

Phe

Leu

Ala

Met

625

Ala

Ile

Thr

Pro

Tyr
705

Ile

Gly

Gln

Gly

370

Tyr

Leu

Tyr

Val

Tyr

450

Tyr

Ala

Gly

Ala

His

530

Arg

Lys

Arg

Arg

Thr

610

Leu

Ala

Ser

Arg

Tyr

690

Leu

Ser

Lys

Val

Asp

355

Asp

Asp

Pro

Gln

Asp

435

Ala

Ser

Asn

Arg

Arg

515

Arg

Tyr

Asn

Lys

Val

595

Phe

Arg

Asn

Ile

Leu

675

Phe

Asn

Trp

Arg

Leu

340

Arg

Arg

Pro

Asn

Gly

420

Gly

Met

Asn

Ile

Val

500

Trp

Asn

Val

Leu

Asp

580

Asp

Phe

Asn

Met

Pro

660

Lys

Val

His

Pro

Ser
740

325

Ala

Asn

Thr

Asp

Tyr

405

Val

Glu

Glu

Val

Thr

485

Val

Ser

Ala

Pro

Leu

565

Val

Gly

Pro

Asp

Leu

645

Ser

Thr

Tyr

Thr

Gly
725

Val

Gly

Thr

Arg

Val

390

Cys

Lys

Val

Ile

Ala

470

Leu

Ala

Leu

Gly

Phe

550

Leu

Asn

Ala

Met

Thr

630

Tyr

Arg

Lys

Ser

Phe
710

Asn

Asp

Gln

Glu

Tyr

375

Arg

Phe

Tyr

Ala

Asn

455

Leu

Pro

Pro

Asp

Leu

535

His

Leu

Met

Ser

Ala

615

Asn

Pro

Asn

Glu

Gly
695
Lys

Asp

Gly

Ala

Leu

360

Phe

Ile

Pro

Glu

Ser

440

Leu

Tyr

Thr

Ser

Pro

520

Arg

Ile

Pro

Ile

Val

600

His

Asp

Ile

Trp

Thr

680

Ser

Lys

Arg

Glu

Ser

345

Ser

Ser

Ile

Leu

Asn

425

Gln

Gln

Leu

Asn

Leu

505

Met

Tyr

Gln

Gly

Leu

585

Arg

Asn

Gln

Pro

Ala

665

Pro

Ile

Val

Leu

Gly
745

330

Gln

Tyr

Met

Glu

Asp

410

Gly

Asn

Ala

Pro

Thr

490

Val

Asp

Arg

Val

Ser

570

Gln

Phe

Thr

Ser

Ala

650

Ala

Ser

Pro

Ser

Leu
730

Tyr

Leu

Gln

Trp

Asn

395

Gly

Ala

Gln

Asn

Asp

475

Asn

Asp

Asn

Ser

Pro

555

Tyr

Ser

Asp

Ala

Phe

635

Lys

Phe

Leu

Tyr

Ile
715

Thr

Asn

Asn

Leu

Asn

380

His

Ser

Gly

Ile

Leu

460

Ser

Thr

Ala

Val

Met

540

Gln

Thr

Ser

Ser

Ser

620

Asn

Ala

Arg

Gly

Leu
700
Met

Pro

Val

Ala

Leu

365

Ser

Gly

Gly

Asn

Ala

445

Trp

Tyr

Tyr

Tyr

Asn

525

Leu

Lys

Tyr

Leu

Val

605

Thr

Asp

Thr

Gly

Ser

685

Asp

Phe

Asn

Ala

Val

350

Leu

Ala

Val

Ser

Gly

430

Lys

Lys

Lys

Glu

Val

510

Pro

Leu

Phe

Glu

Gly

590

Asn

Leu

Tyr

Asn

Trp

670

Gly

Gly

Asp

Glu

Gln
750

335

Val

Asp

Val

Glu

Asn

415

Ser

Gly

Ser

Tyr

Tyr

495

Asn

Phe

Gly

Phe

Trp

575

Asn

Leu

Glu

Leu

Val

655

Ser

Phe

Thr

Ser

Phe
735

Cys

Asp

Ser

Asp

Asp

400

Thr

Trp

Asn

Phe

Thr

480

Met

Ile

Asn

Asn

Ala

560

Asn

Asp

Tyr

Ala

Ser

640

Pro

Phe

Asp

Phe

Ser
720

Glu

Asn
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-continued

148

Met

Gly

Ser

785

Ile

Asn

Pro

Pro

Ile

865

Gly

Phe

Glu

Glu

Thr

Tyr

770

Phe

Asn

Ser

Tyr

Ser

850

Pro

Gln

Glu

Val

Ala
930

Lys

755

Gln

Phe

Tyr

Gly

Pro

835

Val

Phe

Asn

Val

Phe

915

Val

Asp

Gly

Arg

Lys

Phe

820

Ala

Thr

Ser

Met

Asp

900

Asp

Tyr

Trp

Phe

Asn

Asp

805

Thr

Asn

Gln

Ser

Leu

885

Pro

Val

Leu

<210> SEQ ID NO 19

<211> LENGTH:

<212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Met

1

Gly

Phe

Arg

Ser

Leu

Ala

Gln

Met

Asn
145

Ser

Arg

Ser

Cys

Leu

Glu

50

Arg

Lys

Leu

Thr

Phe

130

Pro

Pro

Phe

Gly

Gly

Ala

35

Thr

Thr

Gln

Ala

Val

115

Leu

Thr

Gln

Leu

Ser

Pro

20

Gly

Gly

Cys

Ile

Ser

100

Gln

His

Met

Val

Ala

209

Phe

Tyr

Phe

790

Tyr

Gly

Phe

Lys

Asn

870

Tyr

Met

Val

Arg

Leu

Val

775

Gln

Lys

Tyr

Pro

Lys

855

Phe

Ala

Asp

Arg

Thr
935

Val

760

Pro

Pro

Ala

Leu

Tyr

840

Phe

Met

Asn

Glu

Val

920

Pro

Adenovirus type

19

Ser

Tyr

Asp

Gly

Tyr

Tyr

85

Ser

Gly

Ala

Asn

Leu
165

Arg

Glu

Phe

Lys

Val

Met

70

Ser

Pro

Pro

Phe

Leu

150

Pro

His

Arg

Leu

Leu

His

55

Phe

Phe

Asp

Asp

Val

135

Leu

Thr

Ser

Glu

Gly

Ala

40

Trp

Asp

Glu

Arg

Ser

120

His

Thr

Leu

Pro

Gln

Glu

Met

Val

Ala

825

Pro

Leu

Ser

Ser

Pro

905

His

Phe

36

Leu

Thr

25

Cys

Leu

Pro

Tyr

Cys

105

Ala

Trp

Gly

Arg

Tyr

Met

Gly

Ser

Thr

810

Pro

Leu

Cys

Met

Ala

890

Thr

Gln

Ser

Ala

10

His

Ala

Ala

Phe

Glu

90

Leu

Ala

Pro

Val

Arg
170

Phe

Leu

Tyr

Arg

795

Leu

Thr

Ile

Asp

Gly

875

His

Leu

Pro

Ala

Ala

Asp

Ile

Phe

Gly

Ala

Ser

Cys

Asp

Pro

155

Asn

Arg

Ser

Lys

780

Gln

Pro

Met

Gly

Arg

860

Ala

Ala

Leu

His

Gly
940

Ile

Lys

Val

Gly

60

Phe

Met

Leu

Gly

Arg

140

Asn

Gln

Ser

His

765

Asp

Val

Phe

Arg

Gln

845

Val

Leu

Leu

Tyr

Arg

925

Asn

Val

Arg

Asn

45

Trp

Ser

Leu

Glu

Leu

125

Pro

Gly

Glu

His

Tyr

Arg

Val

Gln

Gln

830

Thr

Met

Thr

Asp

Leu

910

Gly

Ala

Arg

Phe

30

Thr

Asn

Asp

Arg

Gln

110

Phe

Met

Met

Glu

Arg

Asn

Met

Asp

His

815

Gly

Ala

Trp

Asp

Met

895

Leu

Val

Thr

Asp

15

Pro

Ala

Pro

Arg

Arg

95

Ser

Cys

Asp

Leu

Leu
175

Ala

Ile

Tyr

Glu

800

Asn

Gln

Val

Arg

Leu

880

Thr

Phe

Ile

Thr

Leu

Gly

Gly

Arg

Arg

Ser

Thr

Cys

Gly

Gln
160

Tyr

Ala
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-continued

150

Ile Glu His Ala Thr Ala Phe Asp

Gln

195

180

<210> SEQ ID NO 20

<211> LENGTH:

<212> TYPE:
<213> ORGANISM: Adenovirus type 36

PRT

<400> SEQUENCE:

Met

1

Thr

Arg

Gln

Ser
65

Lys

Pro

Met

145

Ala

Gln

Thr

Ile

Cys

225

Cys

Asp

Lys

Thr

Asn
305

Lys

Tyr

Ala

Pro

Ser

Arg

Pro

Asp

Gly

Arg

Leu

130

Asn

Tyr

Thr

Gln

Phe

210

Ala

Leu

Val

Ala

Ser
290
Gln

Ala

Pro

Gly

Pro

Pro

35

Val

Pro

Pro

Phe

Ile

115

Ser

Val

Lys

Trp

Lys

195

Ser

Leu

His

Thr

Lys

275

His

Phe

Gln

Asn

Gly

Arg

20

Ser

Gly

Lys

Asp

Ser

100

Val

Leu

Leu

Leu

Met

180

Ala

His

Trp

Gly

Ser

260

Val

Asp

Ser

Gln

Met

489

20

Ser Gln

Gly His

Pro Pro

Ser Gly

Lys Lys
70

Glu Glu
85

Gln Pro

Glu Pro

Pro Leu

Met Glu
150

Met Pro
165

Asn Glu

Phe Ser

Ser Gly

Asp His
230

Thr Val
245

Glu Asn

Thr Gln

Ala Arg

Gly Lys
310

Ala Phe
325

Gln Arg

Asp

Gly

Pro

Ser

Gln

Met

Pro

Ala

Val

135

Arg

Glu

Glu

Thr

Ile

215

Gly

Met

Gly

Asn

Cys
295
Ser

Lys

Gly

185

200

Val Arg

Ser Ala
25

Pro Leu
40

Ser Glu

Ala Arg

Pro Gln

Val Leu

105

Thr Pro
120

Ser Ser

Tyr Arg

Gln Thr

Ala Arg

185
Val Met
200
Ala His
Cys Thr
Ile His
Gln Arg

265
Arg Trp

280

Cys Val

Cys Gly

Gln Ile

Ala Gly

Arg Phe
10

Arg Tyr

Pro Thr

Glu Asp

Lys Thr
75

Glu Asp
90

Leu Lys

Gly Vval

Trp Glu

Val Asp
155

Glu Ile
170

Gly Leu

Gly Arg

Lys Asn

Glu Vval
235

Lys Asp
250

Ala Leu

Gly Arg

Gln Asp

Leu Phe
315

Ser Ala
330

Met Met

Met

Pro

Lys

Val

60

Lys

Ala

Glu

Leu

Lys

140

Ser

Phe

Gln

Leu

Trp

220

Glu

His

Lys

Ser

Ala

300

Phe

Phe

Leu

205

Glu

Pro

Arg

45

Val

His

Val

Gly

Asn

125

Gly

Gly

Gln

Leu

Leu

205

Glu

Gly

Val

Glu

Val

285

Gly

Ser

Val

Met

190

Arg

Glu

30

Arg

Pro

Val

Ile

Lys

110

Val

Met

Leu

Lys

Thr

190

Gln

Cys

Gln

Val

Gln

270

Val

Cys

Glu

Lys

Pro

Glu

15

Gln

Lys

Val

Thr

Val

95

Asp

Arg

Asp

Arg

Met

175

Phe

Gly

Thr

Leu

Glu

255

Pro

Gln

Gly

Gly

Ala
335

Ile

Lys Met Lys Gln Leu Arg Val Ser

Ala

Glu

Tyr

Asp

Lys

80

Gly

Gly

Asn

Thr

Asp

160

Cys

Thr

Tyr

Gly

Lys

240

Met

Ser

Leu

Asn

Ala
320

Leu

His
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-continued

152

Cys

Leu

Lys

385

Ser

Ala

Met

Pro

Pro

465

Asp

Glu

Cys

370

Asp

Leu

Gln

Leu

Glu

450

Lys

Glu

Cys

355

Lys

Gln

Met

Ser

Gly

435

Ile

Tyr

Arg

340

Asn

Met

Ile

Val

Thr

420

Ala

Pro

Gln

Glu

His Lys

Thr Pro

Thr Asp

390

Phe Gln
405

Gly Pro

Leu Gln

Val Pro

Tyr Arg

470

Asn Pro
485

<210> SEQ ID NO 21

<211> LENGTH:

<212> TYPE:
<213> ORGANISM: Adenovirus type

PRT

<400> SEQUENCE:

Met

1

His

Arg

Gln

Glu

65

Asp

Cys

Arg

Pro

Lys

145

Asp

Ser

Thr

Thr

Glu

Glu

Leu

Glu

50

Asp

Ala

Arg

Gln

Val

130

Asn

Ala

Leu

Arg

Ser
210

Glu

Gln

Glu

35

Glu

Val

Leu

Ala

Pro

115

Phe

Gln

Leu

Glu

Ala

195

Ala

Gln

Pro

20

Pro

Thr

Leu

Ala

Tyr

100

Asn

Ala

Lys

Leu

Glu
180

Ala

Leu

731

21

Pro Arg

Lys Ile

Pro Gln

Asp Ala

Leu Lys

70

Asp Arg
85

Glu Leu

Gly Thr

Val Pro

Ile Pro
150

Ala Leu
165
Val Pro

Asn Ala

Val Glu

Pro

Phe

375

Lys

Cys

Asn

Met

Lys

455

Asn

Phe

Lys

Glu

Asp

Gly

His

Ser

Asn

Cys

Glu

135

Val

Gly

Lys

Leu

Leu
215

Gln

360

Gly

Ser

Cys

Cys

Ser

440

Leu

Val

Asp

Gln

Gln

Glu

40

Leu

Leu

Glu

Leu

Glu

120

Ala

Ser

Pro

Ile

Lys

200

Glu

345

Ser

Leu

Val

Asn

Asp

425

Arg

Val

Ala

Phe

36

Glu

Asp

25

Gln

Glu

Gln

Thr

Phe

105

Pro

Leu

Cys

Gly

Phe
185

Glu

Gly

Val

Ser

Leu

Pro

410

Phe

Arg

Ile

Leu

Gln

10

Leu

Glu

His

Arg

Pro

90

Ser

Asn

Ala

Arg

Ala

170

Glu

Thr

Asp

Pro

Asn

Ala

395

Val

Lys

Met

Pro

Pro
475

Glu

Gly

His

Gly

Gln

75

Leu

Pro

Pro

Thr

Ala

155

Arg

Gly

Ala

Asn

Phe

Ala

380

Ser

Tyr

Ile

Trp

Glu

460

Ser

Glu

Phe

Glu

Tyr

60

Ser

Ser

Arg

Arg

Tyr

140

Asn

Ile

Leu

Glu

Ala
220

Leu

365

Glu

Val

Arg

Ser

Ser

445

Phe

Ala

Asp

Glu

Gln

45

Leu

Leu

Val

Val

Leu

125

His

Arg

Pro

Gly

Glu
205

Arg

350

Gly

Asp

Lys

Asn

Ala

430

Glu

Lys

Ala

Leu

Glu

30

Asp

Gly

Ile

Glu

Pro

110

Asn

Ile

Thr

Asp

Arg

190

Glu

Leu

Arg

Leu

Tyr

Ser

415

Pro

Thr

Trp

His

Thr

15

Pro

Ala

Gly

Leu

Glu

95

Pro

Phe

Phe

Arg

Ile
175
Asp

Gly

Val

Gln

Asp

Pro

400

Arg

Asp

Phe

Leu

Asn
480

Thr

Ala

Gly

Glu

Arg

80

Leu

Lys

Tyr

Phe

Ala

160

Ala

Glu

His

Val
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-continued

154

Leu
225

Leu

Arg

Asp

Leu

305

Glu

Gly

Leu

Asp

385

Leu

Thr

Gln

465

Thr

Cys

Tyr

Leu

Leu

545

Phe

Pro

Tyr

Gln
625

Gly

Lys

Pro

Ile

Pro

Pro

290

Val

Thr

Phe

Val

Leu

370

Cys

Trp

Leu

Val

Thr

450

Asn

Cys

Pro

Ile

Leu

530

Val

Glu

Gly

His

Ala
610

Leu

Arg

Arg

Pro

Glu

Val

275

Gln

Thr

Leu

Val

Ser

355

His

Val

Gln

Ala

Ala

435

Leu

Tyr

Asn

Pro

Ser

515

Glu

Cys

Leu

Leu

Ala
595
Asp

His

Gly

Ser

Lys

Ala

260

Val

Ala

Leu

Arg

Arg

340

Cys

Ser

Phe

Gln

Arg

420

Ser

Lys

Arg

Ala

Pro

500

Tyr

Cys

Asn

Gln

Trp

580

His

Leu

Ala

Val

Val

Val

245

Ile

Ser

Leu

Glu

Lys

325

Gln

Leu

Thr

Leu

Cys

405

Asn

Asp

Gly

Thr

Phe

485

Leu

His

His

Pro

Gly

565

Thr

Glu

Thr

Ile

Tyr

Glu

230

Met

Asp

Asp

Glu

Leu

310

Val

Ala

Gly

Leu

Phe

390

Leu

Leu

Leu

Gly

Phe

470

Pro

Trp

Ser

Cys

Gln

550

Pro

Ser

Ile

Ala

Gln
630

Leu

Leu

Arg

Glu

Glu

Gln

295

Glu

Glu

Cys

Ile

Lys

375

Leu

Glu

Lys

Ala

Leu

455

Ile

Ser

Ser

Asp

Arg

535

Leu

Glu

Ala

Lys

Cys

615

Lys

Asp

Thr

Arg

Thr

Met

280

Arg

Cys

Glu

Lys

Leu

360

Gly

Cys

Asp

Lys

Glu

440

Pro

Leu

Asp

His

Val

520

Cys

Leu

Lys

Tyr

Phe
600
Val

Ser

Pro

His

Ile

Gln

265

Leu

Arg

Met

Thr

Ile

345

His

Glu

His

Glu

Leu

425

Ile

Asp

Glu

Phe

Cys

505

Ile

Asn

Ser

Ser

Leu

585

Phe

Ile

Arg

Gln

Phe

Met

250

Glu

Ala

Lys

Arg

Leu

330

Ser

Glu

Ala

Thr

Asn

410

Trp

Val

Phe

Arg

Val

490

Tyr

Glu

Leu

Glu

Thr

570

Arg

Glu

Thr

Gln

Thr

Ala

235

Asp

Gln

Arg

Leu

Arg

315

His

Asn

Asn

Arg

Trp

395

Leu

Thr

Phe

Met

Ser

475

Pro

Leu

Asp

Cys

Thr

555

Ala

Lys

Asp

Gln

Glu
635

Gly

Tyr

Gln

Arg

Trp

Met

300

Phe

Tyr

Val

Arg

Arg

380

Gln

Lys

Gly

Pro

Ser

460

Gly

Leu

Leu

Val

Ser

540

Gln

Pro

Phe

Gln

Gly
620

Phe

Glu

Pro

Leu

Pro

Leu

285

Leu

Phe

Thr

Glu

Leu

365

Asp

Ala

Glu

Phe

Glu

445

Gln

Ile

Ser

Gln

Ser

525

Pro

Val

Leu

Val

Ser

605

Ala

Leu

Val

Ala

Ile

Glu

270

Gly

Ala

Cys

Phe

Leu

350

Gly

Tyr

Ala

Leu

Asp

430

Arg

Ser

Leu

Tyr

Leu

510

Gly

His

Ile

Lys

Pro

590

Arg

Ile

Leu

Leu

Val

Met

255

Asp

Thr

Val

Asp

Arg

335

Thr

Gln

Val

Met

Asp

415

Glu

Leu

Met

Pro

Arg

495

Ala

Glu

Arg

Gly

Leu

575

Glu

Pro

Leu

Lys

Asn

Asn

240

Pro

Ala

Arg

Val

Pro

320

His

Asn

Thr

Arg

Gly

400

Lys

Arg

Arg

Leu

Ala

480

Glu

Asn

Gly

Ser

Thr

560

Thr

Asp

Gln

Ala

Lys

640

Pro
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156

645

Gly Leu Pro Gln His Ala Glu Glu
660

Asp Gly Arg Arg Met Gly Gln Pro
675 680

Gly Asp Arg Gly Gly Arg Ile Gly
690 695

Arg Ala Ala Arg Arg Arg Thr Ile
705 710

Gly Tyr Asn Leu Arg Ser Gly Gln
725

<210> SEQ ID NO 22

<211> LENGTH: 172

<212> TYPE: PRT

<213> ORGANISM: Adenovirus type

<400> SEQUENCE: 22

Met Pro Arg Lys Lys Gln Glu Pro
1 5

Trp Asp Ser Gln Ala Glu Glu Asp
20

Glu Glu Leu Glu Glu Val Glu Glu
35 40

Ala Ala Pro Ser Ala Pro Ala Ala
Ala Pro Val Lys Pro Pro Arg Arg
65 70

Lys Lys Lys Gln Val Arg Gly Val
85

Ala Asn Glu Pro Ser Thr Thr Arg
100

Thr Leu Tyr Ala Ile Phe Gln Gln
115 120

Lys Val Lys Asn Arg Ser Leu Arg
130 135

His Lys Asn Glu Asp Gln Leu Gln
145 150

Leu Phe His Lys Tyr Cys Ala Leu
165

<210> SEQ ID NO 23

<211> LENGTH: 136

<212> TYPE: PRT

<213> ORGANISM: Adenovirus type

<400> SEQUENCE: 23

Met Pro Arg Lys Lys Gln Glu Pro
1 5

Trp Asp Ser Gln Ala Glu Glu Asp
20

Glu Glu Leu Glu Glu Val Glu Glu
35 40

Ala Ala Pro Ser Ala Pro Ala Ala
50 55

Ala Pro Val Lys Pro Pro Arg Arg

Glu

665

Gly

Arg

Arg

Ala

36

Leu

Glu

25

Glu

Pro

Trp

Ala

Glu

105

Ser

Ser

Arg

Thr

36

Leu

Glu

25

Glu

Pro

Trp

650

Ala

Arg

Gly

Ala

Ser
730

Val

10

Trp

Gln

Ala

Asp

Gly

90

Leu

Arg

Leu

Thr

Leu
170

Val

10

Trp

Gln

Ala

Asp

Gly

Gly

Gly

Gly

715

Ser

Glu

Glu

Ala

Val

Arg

75

Gly

Arg

Gly

Thr

Leu

155

Lys

Glu

Glu

Ala

Val

Arg

Ala

Gly

Arg

700

Ser

Glu

Glu

Thr

Thr

60

Val

Gly

Asn

Gln

Arg

140

Glu

Asp

Glu

Glu

Thr

Thr

60

Val

Ala
Arg
685

Gly

Pro

Met

Glu

Glu

45

Asp

Lys

Leu

Arg

Gln

125

Ser

Asp

Met

Glu

Glu

45

Asp

Lys

Ser
670
Met

Ala

Gly

Glu

Thr

30

Gln

Thr

Gly

Arg

Ile

110

Gln

Cys

Ala

Glu

Thr

30

Gln

Thr

Gly

655

Gly

Gly

Gly

Gly

Glu

15

Glu

Pro

Thr

Asp

Ile

95

Phe

Glu

Leu

Glu

Glu

15

Glu

Pro

Thr

Asp

Gly

Gly

Asn

His
720

Glu

Glu

Val

Ser

Ala

80

Ala

Pro

Leu

Tyr

Ala
160

Glu

Glu

Val

Ser

Gly
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-continued

158

65

Lys

Ile

Arg

His

Ile

Tyr

Tyr
130

Glu

Ala

Leu

115

Tyr

Arg
Cys
100

Leu

Arg

Gln

85

Leu

Phe

His

<210> SEQ ID NO 24

<211> LENGTH:

<212> TYPE:
<213> ORGANISM: Adenovirus type

PRT

<400> SEQUENCE:

Met

1

Met

Trp

Asn

Pro

65

Gln

Ala

Ser

Arg

Gly

145

Ser

Glu

Pro

Gly
225

<210>
<211>
<212>
<213>

<400>

Ser

Gly

Leu

His

50

Arg

Glu

Glu

Arg

Gly

130

Leu

Phe

Pro

Pro

Asp

210

Tyr

Lys

Leu

Ser

35

Arg

Ala

Ile

Val

Cys

115

Arg

Arg

Thr

Arg

Ser

195

Glu

Asp

Glu

Ala

20

Ala

Asn

Lys

Pro

Arg

100

Pro

Gly

Pro

Pro

Ser

180

Val

Phe

PRT

SEQUENCE :

227

24

Ile

Ala

Gly

Gln

Leu

Gly

85

Met

Leu

Thr

Asp

Asn

165

Gly

Tyr

Ile

SEQ ID NO 25
LENGTH:
TYPE :
ORGANISM: Adenovirus type 36

106

25

70

Gly

Gln

His

Leu

Pro

Gly

Pro

Ile

Asn

70

Pro

Thr

Arg

Gln

Gly

150

Gln

Gly

Phe

Pro

Tyr

Asp

Arg

His
135

Thr

Ala

Ser

Leu

55

Pro

Thr

Asn

Pro

Leu

135

Val

Ala

Ile

Asn

Asn
215

Arg

Cys

Gly

120

Ser

Pro

Ser

Met

40

Leu

Arg

Thr

Ser

Gln

120

Asn

Phe

Tyr

Gly

Pro

200

Phe

Ser
Gly
105

Val

36

Tyr

Gln

25

Ile

Glu

Asn

Val

Gly

105

Ser

Asp

Gln

Leu

Thr

185

Phe

Asp

Trp
90
Gly

Asn

Met

10

Asp

Ser

Gln

Trp

Leu

90

Val

Gly

Glu

Leu

Thr

170

Leu

Ser

Ala

75

Arg

Asn

Ile

Trp

Tyr

Arg

Ala

Pro

75

Leu

Gln

Ile

Leu

Ala

155

Leu

Gln

Gly

Val

Ala His

Ile Ala

Pro Arg
125

Ser Tyr

Ser Thr

Val Asn

45

Ala Val
60

Ser Thr

Pro Arg

Leu Ala

Lys Thr
125

Val Ser
140

Gly Ala

Gln Ser

Phe Val

Ser Pro

205

Arg Glu
220

Lys
Phe
110

Asn

Gln

Arg

30

Gly

Thr

Leu

Asp

Gly

110

Leu

Ser

Gly

Ser

Glu

190

Gly

Ala

Ala
95
Ala

Val

Pro

15

Met

Val

Ser

Val

Ala

95

Gly

Met

Ser

Arg

Ser

175

Glu

Leu

Val

80

Ala

Arg

Leu

Gln

Asn

Arg

Thr

Tyr

80

Leu

Ala

Ile

Ile

Ser

160

Ser

Phe

Tyr

Asp

Met Ser His Gly Asp Ser Ala Glu Leu Ala Arg Leu Arg His Leu Asp

1

5

10

15

His Cys Arg Arg Leu Arg Cys Phe Ala Arg Glu Ser Cys Gly Leu Ile
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-continued

160

20

Tyr Phe Glu Leu Pro Glu Glu His
35 40

Arg Ile Thr Val Glu Gly Thr Ala
50 55

Thr Gln Gln Pro Phe Leu Val Glu
65 70

Thr Val Tyr Cys Ile Cys Pro Thr

Cys Thr Leu Cys Gly Glu Phe Asn
100

<210> SEQ ID NO 26

<211> LENGTH: 197

<212> TYPE: PRT

<213> ORGANISM: Adenovirus type

<400> SEQUENCE: 26

Met Arg Ile Phe Ala Val Leu Phe
1 5

Leu Arg Thr Tyr Phe Gly Ile Pro
20

Ile Asn Phe Thr Phe Glu Glu Gln
35 40

Lys Lys Tyr Val Thr Trp Phe Tyr
50 55

Asn Thr Cys Ser Asn Asp Gly Val
65 70

Gly Leu Thr Phe Ser Val Lys Arg
85

Ile Val Glu Gly Thr Tyr Gln Cys
100

Phe Thr Leu Val Asn Val Thr Gly
115 120

Asn Leu Leu Ser Asp Thr Asn Thr
130 135

Val Pro Ser Leu Thr Glu Gly Gly
145 150

Leu Ile Leu Gly Val Val Leu Gly
165

Leu Pro Cys Trp Val Glu Ile Arg
180

Cys Gly Glu Glu Pro
195

<210> SEQ ID NO 27

<211> LENGTH: 156

<212> TYPE: PRT

<213> ORGANISM: Adenovirus type

<400> SEQUENCE: 27

Met Lys Gly Leu Leu Leu Ile Ile
1 5

Ala Cys His Glu Gln Pro Arg Cys
20

Asn Asp Cys Ser Val Val Ile Lys

25

Pro

Glu

Arg

Pro

Lys
105

36

Val

Cys

25

Val

Gln

Leu

Ala

Gln

105

Ser

Pro

Ser

Gly

Val
185

36

Leu

Asn
25

Cys

Asn

Ser

Asp

Lys

90

Ser

Val

10

Arg

Asn

Asn

Leu

Lys

90

Ser

Ser

Lys

His

Cys

170

Phe

Gly

His

Arg

75

Leu

Ser

His

Phe

Thr

Pro

75

Leu

Gly

Thr

Thr

Ile

155

Ile

Ile

Pro Ala
45

Leu Val
60

Gly Ala

His Glu

Leu Ile

Gln Ile

Thr Cys
45

Thr Leu
60

Asn Asn

Ile Leu

Pro Cys

Val Ala

125
Gly Gly
140
Glu Ala

Ala Val

Cys Trp

Ser Leu Val Gly

10

Ile Thr Thr Gly

Glu His Gln Cys

30

His Gly

Arg Phe

Thr Thr

Asn Phe
95

Lys Ala
15

His Lys
30

Lys Pro

Ala Val

Leu Thr

His Arg
95

Phe His
110

Pro Glu

Glu Leu

Val Gly

Leu Tyr
175

Val Arg
190

Gly Leu
15

Asn Glu
30

Pro Leu

Val

Phe

Tyr

80

Cys

Glu

Thr

His

Ala

Ser

80

Pro

Ser

Thr

Trp

Tyr

160

Tyr

His

Leu

Arg

Asn
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-continued

162

Ile

Gln

65

Gly

Ile

Glu

Met

Pro
145

Thr

50

Pro

Asn

Thr

Asn

Ser

130

Arg

35

Phe

Gly

His

Leu

Met

115

Gly

Tyr

Lys

Asp

Thr

His

100

Val

Leu

Gly

Asn

Glu

Phe

85

Val

Gly

Leu

Asn

<210> SEQ ID NO 28

<211> LENGTH:

<212> TYPE:
<213> ORGANISM: Adenovirus type

PRT

<400> SEQUENCE:

Met

1

Val

Leu

Arg

Leu

65

Thr

Met

Lys

Leu

Tyr
145

Gln

Lys

Ser
225

Asn

Glu

Thr

Asn

50

Ser

Ser

Lys

Pro

Thr

130

Gly

Thr

Asn

Tyr

Lys

210

Ser

Glu

Thr

Cys

Leu

35

Ile

His

Phe

His

Leu

115

Leu

Thr

Cys

Gly

Glu
195
Ile

Asp

Glu

Leu

Ala

Glu

Gln

Arg

Asn

Tyr

100

Ser

Val

Leu

Asn

Pro

180

Val

Gly

Leu

Val

418

28

Thr

Asp

Gly

Gln

Cys

Gly

Lys

Pro

Gly

Cys

Glu

165

Tyr

Ser

Lys

Gly

Gln
245

Lys

Gln

70

Gly

Ala

Phe

Val

Glu
150

Ser

Pro

Pro

Leu

Asn

70

Asp

Val

Pro

Pro

Glu

150

Gln

Phe

Ile

Gly

Gln

230

Ile

Thr

55

Asn

Phe

Arg

Ser

Gly

135

Glu

Val

Ile

Lys

Cys

55

Val

Tyr

Thr

His

Ala

135

Gly

Asn

Gly

Ile

Gln
215

Arg

Lys

40

Met

Tyr

Lys

Leu

Leu

120

Ala

Lys

Val

Leu

Glu

40

Ile

Gln

Phe

Val

Tyr

120

Asn

Lys

Leu

Phe

Ser

200

Lys

Gln

Thr

Gly

Thr

Phe

His

105

Ala

Leu

Glu

36

Leu

Val

Thr

Gly

Asn

Gly

Ile

105

Val

Ile

Lys

Thr

Asp

185

Leu

Lys

Ser

Gly

Asn

Val

Ile

90

Gly

Phe

Val

Lys

Leu

10

Ser

Pro

Asn

Ile

Phe

90

Pro

Asn

Pro

Ile

Leu

170

Lys

Phe

Glu

Arg

Glu
250

Val

Thr

75

Phe

Leu

Val

Trp

Leu
155

Ser

Val

Val

Gln

Thr

75

Lys

Pro

Ala

Val

Leu

155

Leu

Tyr

Lys

Glu

Pro
235

Asn

Trp

60

Ile

Glu

Trp

Ile

Phe

140

Leu

Leu

Asp

Glu

Thr

60

Leu

Asn

Lys

Thr

Thr

140

His

Phe

Asn

Val

Lys
220

Lys

Arg

45

Val

His

Val

Pro

Met

125

Leu

Leu

Trp

Trp

45

Lys

Leu

Asp

Pro

Met

125

Trp

Lys

Val

Ile

Gly

205

Thr

Lys

Thr

Gly

Gly

Met

Pro

110

Ala

Lys

Val

Gly

Trp

His

Phe

Asn

Ser

110

Gly

Leu

Glu

Asn

Asp

190

Ala

Lys

Lys

Leu

Phe

Ser

Cys

95

Thr

Cys

Arg

Ile

15

Lys

Gly

Lys

Val

Ser

95

Thr

Gln

Ser

Leu

Met

175

Arg

Gly

Pro

Asp

Val
255

Trp

Asp

80

Asp

Lys

Ala

Lys

Asn

Asn

Gly

Glu

Asn

80

Gly

Arg

Asn

Glu

Asn

160

Thr

Glu

Gln

Asn

Ile

240

Gly
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-continued

164

Pro

Gly

Tyr

305

Tyr

Thr

Ile

Ser

Gly

385

Lys

Ser

<210>
<211>
<212>
<213>

<400>

Pro

Leu

Gln

290

Tyr

Glu

Thr

Ala

Lys

370

Phe

Arg

Tyr

Gly

Lys

275

Asn

Gly

Leu

Lys

Leu

355

Ile

Ile

Pro

Lys

260

Leu

Leu

Ser

His

Arg

340

Gln

Pro

Thr

Arg

PRT

SEQUENCE :

Met Lys Ala Phe

1

Leu

Gly

Arg

Trp

65

Phe

Asn

Phe

His
145
Thr

Leu

Ser

Ala

Gly

Tyr

50

Ser

Ala

Ser

Asn

Arg

130

Pro

Gln

Leu

Ala

Ala

Asn

35

His

Asp

Phe

Tyr

Leu

115

Thr

Thr

Leu

Arg

Phe
195

Pro

20

Ala

Asp

Pro

Asn

Asn

100

Thr

Thr

Thr

Asp

Gly

180

Ser

Val Asp

Cys Asn

Thr Leu

Ser Asn
310

Lys Val
325

Thr Thr

Gln Glu

Ser Ala

Ile Ile

390

Ala Tyr
405

SEQ ID NO 29
LENGTH:
TYPE :
ORGANISM: Adenovirus type

284

29

Thr Ala

Lys Pro

Thr Leu

Asp Gly

Ser Tyr

70

Ile Ser
85

Gly Leu

Val Ile

Lys Glu

Thr Val
150

Thr Thr
165

Asn Glu

Ser Thr

Trp

Gly

Ile

295

Asp

Asn

Val

Asn

Thr

375

Ile

Asn

Cys

Glu

Asp

Arg

55

Thr

Ser

Asp

Glu

Thr

135

Ser

Val

Ser

Ala

Ile

Asp

280

Asn

Gly

Lys

Asn

Asn

360

Val

Val

Asn

Val

Val

Gly

Lys

Cys

Gly

Gly

Pro

120

Thr

Thr

Gln

Thr

Asn
200

Lys

265

Lys

Val

Ser

Thr

Ala

345

Gly

Ala

Ile

Met

36

Leu

Tyr

25

Pro

Asn

His

Lys

Tyr

105

Pro

Gln

Thr

Asn

Thr

185

Leu

Leu

Tyr

Thr

Ser

Lys

330

Thr

Gln

Ile

Leu

Val
410

Ile

10

Thr

Phe

Gly

Ser

Tyr

90

Glu

Thr

Pro

Ile

Thr
170

Asp

Thr

Ser

Ile

Arg

His

315

Ser

Asp

Thr

Val

Cys

395

Asp

Ser

Gln

Asn

Trp

Asn

75

Lys

Lys

Thr

Thr

Glu

155

Thr

Gln

Ser

Ser

Lys

Ile

300

Tyr

Met

Asp

Glu

Val

380

Tyr

Pro

Ile

Val

Asn

Met

60

Gly

Val

Leu

Arg

Thr

140

Thr

Leu

Thr

Leu

Gly Asn Asn Asn

His

285

Tyr

Lys

Leu

Ser

Asn

365

Gly

Ile

Leu

Ile

Asn

Asn

45

Asn

Ser

Gln

Glu

Ala

125

Val

Thr

Leu

Glu

Ala
205

270

Thr

Asp

Val

Lys

Ala

350

Asp

Val

Cys

Leu

Thr

Val

30

Thr

Ile

Leu

Ser

Val

110

Pro

Pro

Thr

Ile

Ala

190

Trp

Cys

Gly

Thr

Pro

335

His

Gln

Ile

Cys

Ser
415

Leu

15

Thr

Trp

Cys

Ser

Tyr

95

Lys

Thr

Thr

His

Glu
175

Thr

Thr

Asp

Thr

Ile

320

Tyr

Lys

Glu

Ala

Arg

400

Phe

Ser

Arg

Thr

Lys

Ile

80

Thr

Met

Thr

Thr

Thr

160

Phe

Ser

Asn
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166

-continued
Glu Thr Gly Val Ser Leu Met His Gly Gln Pro Tyr Ser Gly Leu Asp
210 215 220
Ile Gln Ile Thr Phe Leu Val Val Cys Gly Ile Phe Ile Leu Val Val
225 230 235 240
Leu Leu Tyr Phe Val Cys Cys Lys Ala Arg Glu Lys Ser Ser Arg Pro
245 250 255
Ile Tyr Arg Pro Val Ile Gly Glu Pro Gln Pro Leu Gln Val Glu Gly
260 265 270
Gly Leu Arg Asn Leu Leu Phe Ser Phe Ser Val Trp
275 280
<210> SEQ ID NO 30
<211> LENGTH: 91
<212> TYPE: PRT
<213> ORGANISM: Adenovirus type 36
<400> SEQUENCE: 30
Met Ile Pro Arg Phe Phe Leu Phe Asn Ile Leu Phe Cys Leu Phe Asn
1 5 10 15
Ile Cys Ala Ala Phe Ala Ala Val Ser His Ala Ser Pro Asp Cys Leu
20 25 30
Gly Pro Phe Pro Thr Tyr Leu Leu Phe Ala Leu Leu Thr Cys Thr Cys
35 40 45
Val Cys Ser Ile Val Cys Leu Val Val Thr Phe Leu Gln Leu Ile Asp
50 55 60
Trp Cys Cys Ala Arg Tyr Asn Tyr Leu His His Ser Pro Glu Tyr Arg
65 70 75 80
Asp Lys Asn Val Ala Arg Ile Leu Arg Leu Ile
85 90
<210> SEQ ID NO 31
<211> LENGTH: 124
<212> TYPE: PRT
<213> ORGANISM: Adenovirus type 36
<400> SEQUENCE: 31
Met Gln Thr Leu Leu Ile Leu Leu Ser Leu Leu Ser Pro Ala Leu Ala
1 5 10 15
Asp Cys Lys Phe Ala Asp Ile Trp Asn Phe Leu Asp Cys Tyr Gln Glu
20 25 30
Lys Met Asp Met Pro Ser Tyr Tyr Leu Val Ile Val Gly Val Val Met
35 40 45
Val Cys Ser Cys Thr Phe Phe Ala Ile Met Ile Tyr Pro Cys Phe Asp
50 55 60
Leu Gly Trp Asn Ser Val Glu Ala Phe Thr Tyr Thr Leu Glu Ser Ser
65 70 75 80
Ser Leu Ala Ser Thr Pro Pro Pro Thr Pro Pro Pro Arg Arg Asn Gln
85 90 95
Phe Pro Leu Ile Gln Tyr Leu Glu Glu Pro Pro Pro Arg Pro Pro Ser
100 105 110
Thr Val Ser Tyr Phe His Ile Thr Gly Gly Asp Asp
115 120
<210> SEQ ID NO 32
<211> LENGTH: 130
<212> TYPE: PRT
<213> ORGANISM: Adenovirus type 36
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-continued

168

<400> SEQUENCE: 32

Met Thr Asp His His Leu Asp Leu
1 5

Gln Arg Ile Leu Gln Leu Arg Val
20

Lys Glu Leu Leu Asp Ala Ile Asn
35 40

Phe Cys Leu Val Lys Gln Ala Lys
50 55

Gly Lys Gln His Arg Leu Thr Tyr
65 70

Phe Thr Cys Met Val Gly Val Asn
85

Gly Glu Thr Ser Gly Cys Ile His
100

Ile Tyr Ser Leu Leu Lys Thr Leu
115 120

Met Asn
130

<210> SEQ ID NO 33

<211> LENGTH: 49

<212> TYPE: PRT

<213> ORGANISM: Adenovirus type

<400> SEQUENCE: 33

Met Lys Ile Val Asp Gln Glu Phe
1 5

Lys Phe Ala Ala Arg Arg Gly Leu
20

Thr Glu Val Leu Leu Asn Asn Tyr
35 40

Lys

<210> SEQ ID NO 34

<211> LENGTH: 371

<212> TYPE: PRT

<213> ORGANISM: Adenovirus type

<400> SEQUENCE: 34

Met Ser Lys Arg Leu Arg Val Glu
1 5

Tyr Gly Tyr Ala Arg Asn Gln Asn

Val Ser Ser Asp Gly Phe Gln Asn
35 40

Lys Leu Ala Asp Pro Ile Ala Ile
50 55

Val Gly Gly Gly Leu Thr Val Glu
65 70

Asp Thr Lys Ala Pro Leu Gln Val
85

Ser Tyr Asp Asp Pro Phe Lys Val
100

Ala Gly His Gly Leu Ala Val Val
115 120

Glu

Arg

25

Ile

Ile

Glu

Pro

Cys

105

Cys

36

Asp
Glu
25

Thr

36

Asp

Ile

Phe

Ala

Gln

Ala

Glu

105

Thr

Met

10

Gln

His

Thr

Met

Ile

90

Ser

Gly

Asp

Gln

Gln

Tyr

Pro

75

Val

Cys

Leu

Gly

Gln

Cys

Glu

60

Gln

Ile

Glu

Arg

Ile Pro Phe

10

Tyr Gln Ser

Arg Asp Ile

Asp

10

Pro

Pro

Asn

Gln

Asn

90

Asn

Lys

Phe

Phe

Pro

Gly

Ser

75

Asp

Asn

Glu

Asn

Leu

Gly

Asn

60

Gly

Asn

Lys

Asn

Gln

Glu

Lys

45

Leu

Gln

Thr

Ser

Asp
125

Lys

Trp

Leu
45

Pro

Thr

Val

45

Val

Lys

Lys

Leu

Thr
125

Ala

Arg

30

Lys

Val

Lys

Gln

Pro

110

Leu

Val
Glu
30

Ser

Val

Pro

30

Leu

Ser

Leu

Leu

Gly

110

Ser

Ser

15

Ala

Gly

Ser

Gln

Gln

95

Glu

Leu

Trp
15
Glu

Asp

Tyr

15

Pro

Ser

Leu

Ser

Glu

95

Ile

Leu

Glu

Ala

Ile

Asn

Lys

80

Ser

Cys

Pro

Arg

Gly

Phe

Pro

Phe

Leu

Lys

Val

80

Leu

Lys

Pro
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-continued

170

Ser

Gly

145

Gly

Lys

Cys

Lys

Gly

225

Ile

Leu

Thr

Pro

Gln

305

Tyr

Asn

Lys

Ala

Leu

130

Ser

Gly

Asn

Lys

Cys

210

Lys

Lys

Asp

Pro

Lys

290

Gly

Gln

Cys

Asp

Gln
370

Val

Ser

Leu

Asp

Val

195

Gly

Tyr

Leu

Gly

Tyr

275

Pro

Lys

Pro

Ala

Pro

355

Glu

Gly

Ala

Ser

Thr

180

Glu

Ser

Ala

Leu

Thr

260

Lys

Thr

Asn

Gly

Tyr

340

Ile

Thr

His

Phe

165

Arg

Thr

Gln

Ile

Phe

245

Tyr

Glu

Asn

Lys

Phe

325

Ser

Pro

<210> SEQ ID NO 35

<211> LENGTH:

<212> TYPE:
<213> ORGANISM: Adenovirus type

PRT

<400> SEQUENCE:

Met

1

Arg

Glu

Thr

Gly
65
Trp

Leu

Ala

Ser

Ala

Gln

Val

50

Phe

Ile

Phe

Gly

Thr

Arg

His

35

Thr

Ile

Ile

Lys

Gly

Glu

Leu

20

Pro

Leu

Ser

Asp

Ala

100

Gly

130

35

Glu

Pro

Leu

Asp

Ile

Thr

85

Thr

Arg

Leu

Gly

150

Asp

Thr

Ala

Ile

Ile

230

Asn

Trp

Ala

Asn

Ile

310

Ile

Ile

Tyr

Gln

Arg

Leu

Cys

Thr

70

Lys

Arg

Leu

Val

135

Gly

Glu

Leu

Arg

Leu

215

Ser

Asp

Asn

Val

Thr

295

Val

Val

Thr

Asp

Ser

Ser

Pro

Glu

55

Asp

Ser

Ala

Thr

Val

Thr

Lys

Trp

Asp

200

Ala

Asp

Lys

Tyr

Gly

280

Ser

Ser

Val

Phe

Thr
360

Thr

Glu

Asp

40

Ala

Pro

Ser

Glu

Thr

Leu

Ile

Gly

Thr

185

Ser

Thr

Thr

Gly

Arg

265

Phe

Thr

Asn

Lys

Asp

345

Ser

36

Ser

Glu

25

Cys

Arg

Arg

Ser

Arg

105

Arg

Thr

Asp

Asp

170

Thr

Lys

Val

Val

Val

250

Ser

Met

Asp

Ile

Phe

330

Phe

Ser

Leu

10

Glu

Asp

Leu

Leu

Arg

90

Ile

Ala

Gly

Val

155

Leu

Pro

Leu

Ser

Asn

235

Leu

Asn

Pro

Pro

Tyr

315

Asn

Gly

Phe

Arg

Thr

His

Glu

Ala

75

Thr

Val

Gly

Lys

140

Arg

Val

Asp

Thr

Leu

220

Pro

Leu

Asn

Ser

Asp

300

Leu

Gln

Trp

Thr

His

Arg

Ala

Asp

60

Arg

Asn

Tyr

Val

Gly

Leu

Ala

Pro

Leu

205

Leu

Lys

Ser

Asn

Thr

285

Lys

Gly

Glu

Gly

Phe
365

His

Ala

Glu

45

Phe

Gln

Gln

Thr

Lys

Ile

Gly

Trp

Ser

190

Ala

Val

Gln

Asp

Asn

270

Thr

Lys

Gly

Thr

Lys

350

Ser

Pro

Ser

30

Tyr

Ser

Glu

Asn

Val

110

Ile

Gly

Glu

Asp

175

Pro

Leu

Val

Phe

Ser

255

Ile

Ala

Val

Glu

Asp

335

Val

Tyr

Tyr

15

Leu

His

Glu

Thr

Ile
95

Lys

Asn

Thr

Gly

160

Lys

Asn

Thr

Thr

Ser

240

Asn

Gly

Tyr

Ser

Val

320

Ala

Tyr

Ile

Arg

Thr

Asn

Asp

Val

80

Pro

Trp

Lys
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-continued

172

Asp

Thr
130

115

<210> SEQ ID NO 36

<211> LENGTH:

<212> TYPE:
<213> ORGANISM: Adenovirus type

PRT

<400> SEQUENCE:

Met
1
Arg

Glu

Gln
65
Lys

Asp

Thr

Asn

145

Lys

Ile

Asn

Met

Met

225

Gly

Arg

Ser

<210>
<211>
<212>
<213>

<400>

Ser

Ala

Gln

Ser

50

Glu

Ile

Leu

Cys

Leu

130

Gln

Glu

Tyr

Met

Val

210

Arg

Ile

Thr

Arg

Thr
290

Thr

Arg

His

35

Ser

Phe

Leu

Val

His

115

Leu

Arg

Ile

Cys

Ser

195

Ile

Cys

Ile

Glu

Pro
275

Arg

Glu

Leu

20

Pro

Val

Pro

Lys

Arg

100

Cys

Ala

Phe

Met

Arg

180

Phe

Met

Cys

Val

Pro

260

Ile

Leu

PRT

SEQUENCE :

292

36

Glu

Pro

Leu

Arg

Val

Arg

85

Ala

Ser

Val

Pro

Tyr

165

Ile

Gly

Cys

Ala

Arg

245

Arg

Leu

SEQ ID NO 37
LENGTH:
TYPE :
ORGANISM: Adenovirus type 36

127

37

Gln

Arg

Leu

Gly

Pro

70

Cys

Gln

Ser

Trp

Trp

150

Met

Trp

Trp

Cys

Arg

230

Glu

Arg

Phe

Ser

Ser

Pro

Leu

55

Trp

Met

Met

Pro

Phe

135

Tyr

Gly

Tyr

Ser

Thr

215

Arg

Thr

Gln

Ser

120

Thr

Glu

Asp

40

Pro

Asp

Ser

Val

Gly

120

Arg

Arg

Ser

Asp

Thr

200

Tyr

Thr

Cys

Arg

Glu
280

36

Ser

Glu

25

Cys

Cys

Met

Val

Ser

105

Ser

Arg

Gln

Val

Gly

185

Leu

Cys

Arg

Asp

Leu

265

Tyr

Leu

10

Glu

Asp

Ala

Ile

Cys

90

Gly

Leu

Val

Ile

Phe

170

His

Asn

Glu

Arg

Pro

250

Leu

Glu

Arg

Thr

His

Ala

Leu

75

Leu

Tyr

Gln

Ile

Val

155

Met

Val

Tyr

Asn

Leu

235

Asp

Arg

Ser

His

Arg

Ala

Gly

60

Thr

Cys

Glu

Cys

Tyr

140

Asn

Arg

Gly

Gly

Met

220

Met

Pro

Ala

Val

125

His

Ala

Glu

45

Phe

Pro

Pro

Arg

Arg

125

Gly

Arg

Gly

Ser

Leu

205

Ser

Leu

Ile

Leu

Arg
285

Pro

Ser

30

Tyr

Thr

Glu

Ala

Trp

110

Ala

Cys

Asn

Arg

Ile

190

Leu

Glu

Lys

Cys

Met

270

Ser

Tyr

15

Leu

His

Leu

Glu

Thr

95

Ile

Gly

Met

Met

His

175

Ile

Asn

Ile

Ala

Ser

255

Glu

Ser

Arg

Thr

Asn

Leu

Ile

80

Leu

Leu

Gly

Phe

Pro

160

Leu

Pro

Asn

Arg

Val

240

Ser

Arg

His

Met Cys Cys Trp Leu Tyr Pro Ala Pro Arg Val Ser Ser Pro Leu Gly
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174

Tyr

Ser

Glu

Leu

65

Glu

Pro

Cys

Asp

Val

Arg

50

Pro

Ser

Asp

Val

Pro

Pro

35

Val

Ala

His

Cys

His
115

Asp

20

Val

Arg

Val

Leu

Glu

100

Glu

Pro Arg

Pro Arg

Ala Leu

Pro Gly

Arg Val

85

Gln Lys

Gly Gln

<210> SEQ ID NO 38

<211> LENGTH:

<212> TYPE:
<213> ORGANISM: Adenovirus type

PRT

<400> SEQUENCE:

Met Val Leu Pro

1

Ser

Arg

Leu

Arg

65

Ala

Tyr

Pro

<210>
<211>
<212>
<213>

<400>

Met
1

Phe

Gln

Met

Phe

65

Leu

Ile

Gly

Leu

50

Gln

Thr

Asn

Gln

Lys

Asn

Gly

Met

50

Leu

Glu

Asn

Ile

35

Gln

Gln

Phe

Glu

Gly
115

Val

Met

Trp

35

Ile

Asp

Asn

Trp

20

Arg

Asn

Arg

Cys

His

100

Pro

PRT

SEQUENCE :

Cys

Cys

20

Lys

Glu

Val

Arg

120

38

Ile Leu

Met Gly

Met Asp

Leu Arg

Lys Asp

70

Trp Gln

Arg Gly

Phe Thr

SEQ ID NO 39
LENGTH:
TYPE :
ORGANISM: Adenovirus type

117

39

Leu Leu

Gly Val

Asn Glu

Glu Gln

Arg Val

70

Ile Ile

Gly

Tyr

Asp

55

Gly

His

His

Ala

Pro

Met

Gly

Glu

55

Gly

Lys

Thr

Thr

Met

Asp

Asn

Asp

55

Glu

Phe

Asn

Pro

40

Pro

Arg

Val

Ala

Pro
120

Pro

Ala

Leu

40

Trp

Arg

Tyr

Ile

Ile
120

Lys

Leu

Tyr

40

Gly

Pro

Asp

Lys

25

Gly

Ala

His

Gln

Gln

105

Asp

36

Pro

Tyr

25

Phe

Met

Arg

Asp

Asp
105

36

Val

His

25

Leu

Gly

Leu

Leu

10

Asn

Leu

Leu

Pro

Pro

90

Arg

Ile

Pro

10

Arg

Val

Tyr

Arg

Lys

90

Leu

Glu

10

Gln

Gly

Pro

Leu

Ala

Phe

Gly

Pro

Ala

75

Ala

Asp

Leu

Leu

Val

Ser

Phe

Gly

75

Val

Ala

Gly

Gln

Met

Ala

Glu

75

Val

Lys

Glu

Leu

60

Gly

Leu

His

Pro

Asn

Leu

Ser

Ser

60

Ile

Arg

Pro

Ala

Phe

Val

Phe

60

Ala

Cys

Lys

Ser

45

Phe

Arg

Pro

Val

His
125

Asp

Ala

Asp

45

Trp

Cys

Lys

Pro

Leu

Val

Gln

45

Asn

Thr

Phe

Met

30

Ser

Val

Val

Leu

Tyr

110

Leu

Arg

Asp

Ala

Met

Cys

Arg

Ser
110

Trp

Ala

30

Asp

Val

Val

His

15

Tyr

Asp

Pro

Val

Val

95

Gly

Val

Gln

15

Val

Glu

Thr

Ser

Val

Ser

Glu

15

Ile

Cys

Leu

Glu

Gln

Val

Gly

Gly

Gln

80

Pro

Gln

Gly

Met

Glu

Glu

Arg

80

His

Ile

Leu

Ile

Asn

Leu

His

80

Asn
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-continued

176

85

90

95

Ser Gly Gly Glu Arg Cys His Leu Arg Asp Leu Asn Phe Ile Leu Leu

100

Arg Asp Arg Leu Glu

115

<210> SEQ ID NO 40

<211> LENGTH:

<212> TYPE:
<213> ORGANISM: Adenovirus type

PRT

<400> SEQUENCE:

Met
1

Thr

Ala

65

Ser

Leu

Leu

Leu

Leu

Val

Leu

Lys

50

Leu

Asp

Thr

Val

Leu
130

Glu

Thr

Pro

35

Arg

Arg

Leu

Leu

Val
115

Arg

Tyr

20

Arg

Ala

Tyr

Ala

Arg

100

Leu

130

40

Arg Gly

Leu Glu

Phe Ile

Tyr Ser

Ser Leu

70

Ser Val
85

Arg Glu

Asn Thr

<210> SEQ ID NO 41

<211> LENGTH:

<212> TYPE:
<213> ORGANISM: Adenovirus type

PRT

<400> SEQUENCE:

Met

1

Pro

Ser

Ser

Asp

65

Gly

Phe

Arg

Ala

Val

Phe

Val

50

Tyr

Arg

Leu

Val

Glu

Gln

His

Leu

His

Arg

Tyr

Ile
115

Ser

Glu

20

Ile

Val

Ala

His

Val
100

Phe

125

41

Leu Tyr

Gly Ala

Pro Pro

Pro Thr

Arg Gly

70

Asp Leu
85

Arg Glu

Pro Ser

<210> SEQ ID NO 42

<211> LENGTH:

<212> TYPE:

PRT

230

Val

Asp

Thr

Ser

55

Thr

Val

Leu

Leu

Ala

Ser

His

Gly

55

Ile

Ser

Gly

Val

Ser

Phe

His

40

Met

Leu

Ala

Arg

Gln
120

Phe

Asn

Gly

Tyr

Leu

Val

His

Arg
120

105

36

Tyr

Ser

25

Leu

Gln

Ala

Glu

Ala

105

Val

36

Ile

Arg

25

Val

Gln

Thr

Leu

Pro
105

Ile

His Ile
10

Ile Thr

Leu Glu

Phe Leu

Ser Pro
75

Asp Leu
90

Glu Gly

Val Glu

Asp Ser
10

Tyr Ile

Ile Leu

Gly Arg

Gln Ser
75

Leu Phe
90

Val Gly

Ala Thr

Val

Ala

Gly

Gly

60

Thr

Ser

Arg

Gln

Pro

Phe

Leu

Phe

60

Asp

Asn

Thr

Leu

Val

Met

Ile

45

Ala

Leu

Asp

Asn

Pro
125

Gly

Phe

His

Met

Val

His

Leu

Val
125

110

Pro

Ile

30

Thr

Asn

Ser

Phe

Ser

110

Asp

Gly

Cys

30

Leu

Ala

Ile

Thr

Leu
110

Gly

15

Lys

Gly

Tyr

Pro

Leu

95

Leu

Leu

Ile

15

Pro

Arg

Leu

Phe

Asp
95

Leu

Ala

Glu

Asp

Gly

Gly

80

Gln

Asn

Leu

Ala

Glu

Val

Asn

Ala

80

Arg

Glu
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177

-continued

178

<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic Polypeptide

<400> SEQUENCE: 42

Met

1

Asp

Ser

Ala

Ser

65

Ile

Gly

Asp

Lys

Tyr

145

Gly

Ser

Ser

Trp

His
225

Ala Asp Glu Ala Pro Val Glu Gln Gln Ser Gly

Thr Lys Ala Pro Leu Gln Val Ala Asn Asp Asn
20 25

Tyr Asp Asp Pro Phe Lys Val Glu Asn Asn Lys

Gly His Gly Leu Ala Val Val Thr Lys Glu Asn

50 55 60

Leu Val Gly Thr Leu Val Val Gly Ser Ser Ala
70 75

Asp Val Arg Leu Gly Glu Gly Gly Gly Leu Ser
85 90

Thr Val Ser Leu Leu Val Val Thr Gly Lys Tyr
100 105

Thr Val Asn Pro Lys Gln Phe Ser Ile Lys Leu
115 120

Gly Val Leu Leu Ser Asp Ser Asn Leu Asp Gly
130 135 140

Arg Ser Asn Asn Asn Asn Ile Gly Thr Pro Tyr
150 155

Phe Met Pro Ser Thr Thr Ala Tyr Pro Lys Pro
165 170

Thr Asp Pro Asp Lys Lys Val Ser Gln Gly Lys
180 185

Asn Thr Asp Ala Asn Cys Ala Tyr Ser Ile Thr
195 200

Gly Lys Val Tyr Lys Asp Pro Ile Pro Tyr Asp
210 215 220
His His His His His

230

<210> SEQ ID NO 43

<211> LENGTH: 200

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Polypeptide

<400> SEQUENCE: 43

Met
1

Pro

Gly

Asn

Pro

65

Tyr

Ala Asp Glu Ala Pro Thr Asp Lys Glu Arg Gln

Pro Thr Thr Lys Asp Val Thr Lys Thr Phe Gly
20 25

Gly Leu His Ile Thr Asp Lys Gly Leu Gln Ile
35 40

Asn Glu Asp Gly Glu Glu Glu Ile Tyr Ala Asp
50 55 60

Glu Pro Gln Val Gly Glu Glu Asn Trp Gln Asp
70 75

Gly Gly Arg Ala Leu Lys Lys Glu Glu Lys Gly
85 90

Lys

Lys

Leu

45

Thr

His

Phe

Ala

Leu

125

Thr

Lys

Thr

Asn

Phe

205

Thr

Asn

Val

Gly

45

Lys

Thr

Gly

Leu

Leu

30

Gly

Ser

Gly

Asp

Ile

110

Phe

Tyr

Glu

Asn

Lys

190

Asp

Ser

Gly

Ala

30

Glu

Thr

Asp

Gln

Ser

15

Glu

Ile

Leu

Gly

Glu

95

Ile

Asn

Trp

Ala

Asn

175

Ile

Phe

Ser

Gly
15

Ala

Asp

Phe

Val

Ala
95

Val

Leu

Lys

Pro

Thr

80

Lys

Ser

Asp

Asn

Val

160

Thr

Val

Gly

Phe

Gln

Arg

Glu

Gln

Phe

80

Lys



179

US 9,254,320 B2

-continued

180

Phe

Leu

Gln

Asp

145

Ala

Lys

Leu

<210>
<211>
<212>
<213>
<220>
<223>

Leu

Ala

Pro

130

Thr

Tyr

Val

Tyr

Asn

Phe

115

Asp

Ser

Gln

Asp

His
195

Gly

100

Phe

Val

Ser

Gly

Gly

180

His

PRT

<400> SEQUENCE:

Met

1

Tyr

Leu

Lys

Arg

65

Thr

Arg

Asp

Leu

Arg

145

Phe

Gln

Ala

Gln

Lys

225

Gly

Ala

Met

Val

Phe

50

Ser

Thr

Val

Arg

Ala

130

Gln

Gly

Ile

Asp

Asp

210

Met

Gly

Asp

His

Gln

35

Arg

Gln

Tyr

Leu

Gly

115

Pro

Asn

Val

Gly

Lys

195

Thr

Lys

Gln

Glu

Ile

Phe

Asn

Arg

Ser

Asp

100

Pro

Lys

Gly

Ala

Glu

180

Thr

Asp

Pro

Ala

Glu Asn

Asp Leu

Val Met

Ala Ala

150

Val Lys
165

Glu Val

His His

SEQ ID NO 44
LENGTH:
TYPE :
ORGANISM: Artificial
FEATURE:
OTHER INFORMATION:

955

44

Ala Pro

Ala Gly

Ala Arg

Pro Thr

Leu Thr
70

Tyr Lys
85

Met Ala

Ser Phe

Gly Ala

Gly Gln
150

Ala Arg
165

Asp Glu

Phe Gln

Val Phe

Cys Tyr

230

Lys Phe
245

Gly

Lys

Tyr

135

Asn

Tyr

Ala

His

Gln

Gln

120

Thr

Leu

Glu

Ser

His
200

Pro

105

Asn

Glu

Thr

Asn

Gln
185

Ser

Asp

Asn

Asp

Gly

170

Asn

Lys Asp Gln

Thr

Val

Gly

155

Ala

Gln

Gly

Tyr

140

Ser

Gly

Ile

Synthetic Polypeptide

Ala

Gln

Ala

Val

55

Leu

Ala

Ser

Lys

Pro

135

Pro

Gly

Asn

Pro

Tyr
215

Gly

Leu

Thr

Asp

Thr

40

Ala

Arg

Arg

Thr

Pro

120

Asn

Pro

Gly

Asn

Glu
200
Gly

Ser

Asn

Pro

Ala

Asp

Pro

Phe

Phe

Tyr

105

Tyr

Ser

Thr

Leu

Glu

185

Pro

Gly

Phe

Gly

Ser

10

Ser

Thr

Thr

Val

Thr

90

Phe

Ser

Ser

Thr

His

170

Asp

Gln

Arg

Ala

Glu
250

Met

Glu

Tyr

His

Pro

75

Leu

Asp

Gly

Gln

Lys

155

Ile

Gly

Val

Ala

Arg
235

Asn

Met

Tyr

Phe

Asp

60

Val

Ala

Ile

Thr

Trp

140

Asp

Thr

Glu

Gly

Leu

220

Pro

Gly

Thr

125

Leu

Gly

Asn

Ala

Pro

Leu

Ser

45

Val

Asp

Val

Arg

Ala

125

Thr

Val

Asp

Glu

Glu
205
Lys

Thr

Gln

Asp

110

Thr

Gly

Ser

Gly

Lys
190

Gln

Ser

30

Leu

Thr

Arg

Gly

Gly

110

Tyr

Asp

Thr

Lys

Glu

190

Glu

Lys

Asn

Pro

Ile

Gln

Lys

Asn

Ser

175

Gly

Trp

15

Pro

Gly

Thr

Glu

Asp

Val

Asn

Lys

Lys

Gly

175

Ile

Asn

Glu

Glu

Ser
255

Thr

Asn

Glu

Thr

160

Trp

Asn

Ala

Gly

Asn

Asp

Asp

80

Asn

Leu

Ser

Glu

Thr

160

Leu

Tyr

Trp

Thr

Lys
240

Lys



181

US 9,254,320 B2

-continued

182

Asp

Gly

Tyr

Asp

305

Pro

Asn

Asn

Leu

Asn

385

Ser

Gly

Ile

Leu

465

Ser

Thr

Ala

Met

545

Gln

Thr

Ser

Ser

Ser

625

Asn

Ala

Arg

Gln

Thr

Leu

290

Thr

Asn

Ser

Ala

Leu

370

Ser

Gly

Gly

Asn

Ala

450

Trp

Tyr

Tyr

Tyr

Asn

530

Leu

Lys

Tyr

Leu

Val

610

Thr

Asp

Thr

Gly

Asp

Thr

275

Glu

Ser

Tyr

Thr

Val

355

Leu

Ala

Val

Ser

Gly

435

Lys

Lys

Lys

Glu

Val

515

Pro

Leu

Phe

Glu

Gly

595

Asn

Leu

Tyr

Asn

Trp

Ile

260

Gln

Thr

Ser

Ile

Gly

340

Val

Asp

Val

Glu

Asn

420

Ser

Gly

Ser

Tyr

Tyr

500

Asn

Phe

Gly

Phe

Trp

580

Asn

Leu

Glu

Leu

Val
660

Ser

Thr

Asn

Pro

Ala

Gly

325

Asn

Asp

Ser

Asp

Asp

405

Thr

Trp

Asn

Phe

Thr

485

Met

Ile

Asn

Asn

Ala

565

Asn

Asp

Tyr

Ala

Ser
645

Pro

Phe

Leu

Gln

Asp

Ala

310

Phe

Met

Leu

Leu

Ser

390

Glu

Ala

Lys

Leu

Leu

470

Pro

Asn

Gly

His

Gly

550

Ile

Phe

Leu

Ala

Met
630
Ala

Ile

Thr

Ala

Pro

Thr

295

Asn

Arg

Gly

Gln

Gly

375

Tyr

Leu

Tyr

Val

Tyr

455

Tyr

Ala

Gly

Ala

His

535

Arg

Lys

Arg

Arg

Thr

615

Leu

Ala

Ser

Arg

Phe

Asp

280

His

Leu

Asp

Val

Asp

360

Asp

Asp

Pro

Gln

Asp

440

Ala

Ser

Asn

Arg

Arg

520

Arg

Tyr

Asn

Lys

Val

600

Phe

Arg

Asn

Ile

Leu

Phe

265

Val

Val

Thr

Asn

Leu

345

Arg

Arg

Pro

Asn

Gly

425

Gly

Met

Asn

Ile

Val

505

Trp

Asn

Val

Leu

Asp

585

Asp

Phe

Asn

Met

Pro
665

Lys

Asp

Val

Val

Gln

Phe

330

Ala

Asn

Thr

Asp

Tyr

410

Val

Glu

Glu

Val

Thr

490

Val

Ser

Ala

Pro

Leu

570

Val

Gly

Pro

Asp

Leu
650

Ser

Thr

Leu

Met

Tyr

Gln

315

Val

Gly

Thr

Arg

Val

395

Cys

Lys

Val

Ile

Ala

475

Leu

Ala

Leu

Gly

Phe

555

Leu

Asn

Ala

Met

Thr
635
Tyr

Arg

Lys

Lys

Tyr

Lys

300

Ser

Gly

Gln

Glu

Tyr

380

Arg

Phe

Tyr

Ala

Asn

460

Leu

Pro

Pro

Asp

Leu

540

His

Leu

Met

Ser

Ala

620

Asn

Pro

Asn

Glu

Gln

Thr

285

Pro

Met

Leu

Ala

Leu

365

Phe

Ile

Pro

Glu

Ser

445

Leu

Tyr

Thr

Ser

Pro

525

Arg

Ile

Pro

Ile

Val

605

His

Asp

Ile

Trp

Thr

Asn

270

Glu

Gly

Pro

Met

Ser

350

Ser

Ser

Ile

Leu

Asn

430

Gln

Gln

Leu

Asn

Leu

510

Met

Tyr

Gln

Gly

Leu

590

Arg

Asn

Gln

Pro

Ala
670

Pro

Asp

Asn

Lys

Asn

Tyr

335

Gln

Tyr

Met

Glu

Asp

415

Gly

Asn

Ala

Pro

Thr

495

Val

Asp

Arg

Val

Ser

575

Gln

Phe

Thr

Ser

Ala
655

Ala

Ser

Thr

Val

Glu

Arg

320

Tyr

Leu

Gln

Trp

Asn

400

Gly

Ala

Gln

Asn

Asp

480

Asn

Asp

Asn

Ser

Pro

560

Tyr

Ser

Asp

Ala

Phe
640
Lys

Phe

Leu



183

US 9,254,320 B2

-continued

184

Gly
Leu
705

Met

Pro

Ser

Lys

785

Gln

Pro

Met

Gly

Arg

865

Ala

Ala

Leu

Gly
945

<210>
<211>
<212>
<213>
<220>
<223>

Ser

690

Asp

Phe

Asn

Ala

His

770

Asp

Val

Phe

Arg

Gln

850

Val

Leu

Leu

Tyr

Arg

930

Asn

675

Gly

Gly

Asp

Glu

Gln

755

Tyr

Arg

Val

Gln

Gln

835

Thr

Met

Thr

Asp

Leu

915

Gly

Ala

Phe

Thr

Ser

Phe

740

Cys

Asn

Met

Asp

His

820

Gly

Ala

Trp

Asp

Met

900

Leu

Val

Thr

PRT

<400> SEQUENCE:

Met
1

Asp

Ser

Ala

Ser

65

Ile

Ala

Thr

Tyr

Gly

50

Leu

Asp

Asp

Lys

Asp

35

His

Val

Val

Glu

Ala

20

Asp

Gly

Gly

Arg

Asp

Phe

Ser

725

Glu

Asn

Ile

Tyr

Glu

805

Asn

Gln

Val

Arg

Leu

885

Thr

Phe

Ile

Thr

SEQ ID NO 45
LENGTH:
TYPE :
ORGANISM: Artificial
FEATURE:
OTHER INFORMATION:

418

45

Ala

Pro

Pro

Leu

Thr

Leu

Pro

Tyr

710

Val

Ile

Met

Gly

Ser

790

Ile

Asn

Pro

Pro

Ile

870

Gly

Phe

Glu

Glu

His
950

Pro

Leu

Phe

Ala

Leu

70

Gly

Tyr

695

Leu

Ser

Lys

Thr

Tyr

775

Phe

Asn

Ser

Tyr

Ser

855

Pro

Gln

Glu

Val

Ala

935

His

680

Phe

Asn

Trp

Arg

Lys

760

Gln

Phe

Tyr

Gly

Pro

840

Val

Phe

Asn

Val

Phe

920

Val

His

Val

His

Pro

Ser

745

Asp

Gly

Arg

Lys

Phe

825

Ala

Thr

Ser

Met

Asp

905

Asp

Tyr

His

Tyr

Thr

Gly

730

Val

Trp

Phe

Asn

Asp

810

Thr

Asn

Gln

Ser

Leu

890

Pro

Val

Leu

His

Ser

Phe

715

Asn

Asp

Phe

Tyr

Phe

795

Tyr

Gly

Phe

Lys

Asn

875

Tyr

Met

Val

Arg

His
955

Gly

700

Lys

Asp

Gly

Leu

Val

780

Gln

Lys

Tyr

Pro

Lys

860

Phe

Ala

Asp

Arg

Thr
940

Synthetic Polypeptide

Val

Gln

Lys

Val

55

Val

Glu

Glu

Val

Val

40

Val

Val

Gly

Gln

Ala

25

Glu

Thr

Gly

Gly

Gln

10

Asn

Asn

Lys

Ser

Gly

Ser

Asp

Asn

Glu

Ser

75

Leu

Gly

Asn

Lys

Asn

60

Ala

Ser

685

Ser

Lys

Arg

Glu

Val

765

Pro

Pro

Ala

Leu

Tyr

845

Phe

Met

Asn

Glu

Val

925

Pro

Lys

Lys

Leu

45

Thr

His

Phe

Ile

Val

Leu

Gly

750

Gln

Glu

Met

Val

Ala

830

Pro

Leu

Ser

Ser

Pro

910

His

Phe

Leu

Leu

30

Gly

Ser

Gly

Asp

Pro

Ser

Leu

735

Tyr

Met

Gly

Ser

Thr

815

Pro

Leu

Cys

Met

Ala

895

Thr

Gln

Ser

Ser

15

Glu

Ile

Leu

Gly

Glu

Tyr

Ile

720

Thr

Asn

Leu

Tyr

Arg

800

Leu

Thr

Ile

Asp

Gly

880

His

Leu

Pro

Ala

Val

Leu

Lys

Pro

Thr

80

Lys



185

US 9,254,320 B2

-continued

186

Gly

Asp

Lys

Tyr

145

Gly

Ser

Ser

Trp

Thr

225

Asp

Glu

Glu

Lys

305

Gly

Lys

Tyr

Asn

Tyr

385

Ala

<210>
<211>
<212>
<213>
<220>
<223>

Thr

Thr

Gly

130

Arg

Phe

Thr

Asn

Gly

210

Asp

Thr

Lys

Glu

Glu

290

Lys

Gln

Gln

Thr

Leu

370

Glu

Ser

His

Val

Val

115

Val

Ser

Met

Asp

Thr

195

Lys

Lys

Lys

Gly

Ile

275

Asn

Glu

Pro

Asn

Glu

355

Thr

Asn

Gln

Ser

100

Asn

Leu

Asn

Pro

Pro

180

Asp

Val

Glu

Thr

Leu

260

Tyr

Trp

Glu

Ser

Asp

340

Asn

Asp

Gly

Asn

PRT

<400> SEQUENCE:

85

Leu

Pro

Leu

Asn

Ser

165

Asp

Ala

Tyr

Arg

Phe

245

Gln

Ala

Gln

Lys

Lys

325

Thr

Val

Gly

Ala

Gln
405

SEQ ID NO 46
LENGTH:
TYPE :
ORGANISM: Artificial
FEATURE:
OTHER INFORMATION:

418

46

Leu

Lys

Ser

Asn

150

Thr

Lys

Asn

Lys

Gln

230

Gly

Ile

Asp

Asp

Gly

310

Asp

Gly

Tyr

Ser

Gly

390

Ile

Val

Gln

Asp

135

Asn

Thr

Lys

Cys

Asp

215

Asn

Val

Gly

Lys

Thr

295

Gly

Gln

Thr

Leu

Gly

375

Asn

Ala

Val

Phe

120

Ser

Ile

Ala

Val

Ala

200

Pro

Gly

Ala

Glu

Thr

280

Asp

Gln

Asp

Thr

Gly

360

Ser

Gly

Lys

Thr

105

Ser

Asn

Gly

Tyr

Ser

185

Tyr

Ile

Gly

Ala

Asp

265

Phe

Val

Ala

Ile

Gln

345

Lys

Asn

Ser

Gly

90

Gly

Ile

Leu

Thr

Pro

170

Gln

Ser

Pro

Gln

Arg

250

Glu

Gln

Phe

Lys

Thr

330

Asn

Glu

Thr

Trp

Asn
410

Lys

Lys

Asp

Pro

155

Lys

Gly

Ile

Tyr

Pro

235

Gly

Asn

Pro

Tyr

Phe

315

Leu

Gln

Asp

Ala

Lys

395

Leu

Tyr Ala

Leu Leu
125

Gly Thr
140

Tyr Lys

Pro Thr

Lys Asn

Thr Phe
205

Asp Thr
220

Pro Thr

Gly Leu

Asn Glu

Glu Pro
285

Gly Gly
300

Leu Asn

Ala Phe

Pro Asp

Thr Ser

365

Tyr Gln
380

Val Asp

Tyr His

Synthetic Polypeptide

Ile

110

Phe

Tyr

Glu

Asn

Lys

190

Asp

Ser

Thr

His

Asp

270

Gln

Arg

Gly

Phe

Val

350

Ser

Gly

Gly

His

95

Ile

Asn

Trp

Ala

Asn

175

Ile

Phe

Ser

Lys

Ile

255

Gly

Val

Ala

Glu

Asp

335

Val

Ala

Val

Glu

His
415

Ser

Asp

Asn

Val

160

Thr

Val

Gly

Phe

Asp

240

Thr

Glu

Gly

Leu

Asn

320

Leu

Met

Ala

Lys

Val

400

His

Met Ala Asp Glu Ala Pro Thr Asp Lys Glu Arg Gln Asn Gly Gly Gln

1

5

10

15

Pro Pro Thr Thr Lys Asp Val Thr Lys Thr Phe Gly Val Ala Ala Arg

20

25

30



187

US 9,254,320 B2

-continued

188

Gly

Asn

Pro

65

Tyr

Phe

Leu

Gln

Asp

145

Ala

Lys

Leu

Pro

Pro

225

Leu

Thr

Leu

Leu

Pro

305

Leu

Asn

Ser

Asp

Ala
385

Tyr

Gly

Asn

50

Glu

Gly

Leu

Ala

Pro

130

Thr

Tyr

Val

Tyr

Leu

210

Phe

Ala

Leu

Gly

Leu

290

Lys

Ser

Asn

Thr

Lys

370

Asn

Lys

His

Leu

35

Glu

Pro

Gly

Asn

Phe

115

Asp

Ser

Gln

Asp

Val

195

Gln

Lys

Val

Val

Glu

275

Val

Gln

Asp

Asn

Thr

355

Lys

Cys

Asp

His

Asp

Gln

Arg

Gly

100

Phe

Val

Ser

Gly

Gly

180

Glu

Val

Val

Val

Val

260

Gly

Val

Phe

Ser

Ile

340

Ala

Val

Ala

Pro

Ile

Gly

Val

Ala

85

Glu

Asp

Val

Ala

Val

165

Glu

Gln

Ala

Glu

Thr

245

Gly

Gly

Thr

Ser

Asn

325

Gly

Tyr

Ser

Tyr

Ile
405

<210> SEQ ID NO 47

<211> LENGTH:

<212> TYPE:

PRT

166

Thr

Glu

Gly

70

Leu

Asn

Leu

Met

Ala

150

Lys

Val

Gln

Asn

Asn

230

Lys

Ser

Gly

Gly

Ile

310

Leu

Thr

Pro

Gln

Ser
390

Pro

Asp

Glu

55

Glu

Lys

Gly

Lys

Tyr

135

Asn

Tyr

Ala

Ser

Asp

215

Asn

Glu

Ser

Leu

Lys

295

Lys

Asp

Pro

Lys

Gly

375

Ile

Tyr

Lys

40

Glu

Glu

Lys

Gln

Gln

120

Thr

Leu

Glu

Ser

Gly

200

Asn

Lys

Asn

Ala

Ser

280

Tyr

Leu

Gly

Tyr

Pro

360

Lys

Thr

Asp

Gly

Ile

Asn

Glu

Pro

105

Asn

Glu

Thr

Asn

Gln

185

Lys

Lys

Leu

Thr

His

265

Phe

Ala

Leu

Thr

Lys

345

Thr

Asn

Phe

Thr

Leu

Tyr

Trp

Glu

90

Ser

Asp

Asn

Asp

Gly

170

Asn

Leu

Leu

Gly

Ser

250

Gly

Asp

Ile

Phe

Tyr

330

Glu

Asn

Lys

Asp

Ser
410

Gln

Ala

Gln

75

Lys

Lys

Thr

Val

Gly

155

Ala

Gln

Ser

Glu

Ile

235

Leu

Gly

Glu

Ile

Asn

315

Trp

Ala

Asn

Ile

Phe
395

Ser

Ile

Asp

60

Asp

Gly

Asp

Gly

Tyr

140

Ser

Gly

Ile

Val

Leu

220

Lys

Pro

Thr

Lys

Ser

300

Asp

Asn

Val

Thr

Val
380

Gly

Phe

Gly Glu Asp

45

Lys

Thr

Gly

Gln

Thr

125

Leu

Gly

Asn

Ala

Asp

205

Ser

Ala

Ser

Ile

Gly

285

Asp

Lys

Tyr

Gly

Ser

365

Ser

Trp

His

Thr

Asp

Gln

Asp

110

Thr

Gly

Ser

Gly

Lys

190

Thr

Tyr

Gly

Leu

Asp

270

Thr

Thr

Gly

Arg

Phe

350

Thr

Asn

Gly

His

Phe

Val

Ala

95

Ile

Gln

Lys

Asn

Ser

175

Gly

Lys

Asp

His

Val

255

Val

Val

Val

Val

Ser

335

Met

Asp

Thr

Lys

His
415

Glu

Gln

Phe

80

Lys

Thr

Asn

Glu

Thr

160

Trp

Asn

Ala

Asp

Gly

240

Gly

Arg

Ser

Asn

Leu

320

Asn

Pro

Pro

Asp

Val
400

His



US 9,254,320 B2

189

-continued

190

<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic Polypeptide

<400> SEQUENCE: 47

Met

1

Gln

Thr

Thr

Lys

65

Thr

Trp

Ile

Gly
145

Ala Asp Glu Ala Pro Arg Thr Tyr Phe Gly Ile
Ile His Lys Thr Ile Asn Phe Thr Phe Glu Glu
20 25

Cys Lys Pro His Lys Lys Tyr Val Thr Trp Phe
35 40

Thr Val Ala Pro Glu Thr Asn Leu Leu Ser Asp
50 55 60

Thr Gly Gly Glu Leu Trp Val Pro Ser Leu Thr
70 75

Ile Glu Ala Ala Pro Lys Pro Glu Val Tyr Thr
85 90

Arg Gly Gly Asn Ala Thr Leu Asp Gly Pro Phe
100 105

Thr Arg Tyr His Asp Asp Gly Arg Lys Asn Gly
115 120

Ser Ser Gly Lys Tyr Lys Val Gln Ser Tyr Thr
130 135 140

Leu Asp Gly Tyr Glu Lys Leu Glu Val Lys Met
150 155
His His His His His
165

<210> SEQ ID NO 48

<211> LENGTH: 315

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Polypeptide

<400> SEQUENCE: 48

Met
1

Ala
Ile
Asp
Phe

65

Ser

Gly

Asn

Lys

Asn
145

Arg Phe Pro Ser Ile Phe Thr Ala Val Leu Phe
Ser Ala Ala Pro Val Asn Thr Thr Thr Glu Asp
20 25

Pro Ala Glu Ala Val Ile Gly Tyr Leu Asp Leu
35 40

Val Ala Val Leu Pro Phe Ser Asn Ser Thr Asn
Ile Asn Thr Thr Ile Ala Ser Ile Ala Ala Lys
70 75

Leu Asp Lys Arg Glu Ala Glu Ala Thr Ser Val
85 90

Lys Leu Ser Val Asp Thr Lys Ala Pro Leu Gln
100 105

Lys Leu Glu Leu Ser Tyr Asp Asp Pro Phe Lys
115 120

Leu Gly Ile Lys Ala Gly His Gly Leu Ala Val
130 135 140

Thr Ser Leu Pro Ser Leu Val Gly Thr Leu Val
150 155

Pro

Gln

Tyr

45

Thr

Glu

Gln

Asn

Trp

125

Asn

Phe

Ala

Glu

Glu

45

Asn

Glu

Glu

Val

Val
125

Val

Val

Cys

Val

30

Gln

Asn

Gly

Val

Asn

110

Met

Ser

Asn

Ala

Thr

30

Gly

Gly

Glu

Gln

Ala
110
Glu

Thr

Gly

Arg

15

Asn

Asn

Thr

Gly

Asn

95

Asn

Phe

Tyr

Leu

Ser

15

Ala

Asp

Leu

Gly

Gln

95

Asn

Asn

Lys

Ser

His

Phe

Thr

Pro

Ser

80

Val

Thr

Asn

Asn

Thr
160

Ser

Gln

Phe

Leu

Val

80

Ser

Asp

Asn

Glu

Ser
160



191

US 9,254,320 B2

-continued

192

Ala

Ser

Tyr

Leu

Gly

225

Tyr

Pro

Lys

Thr

Asp
305

<210>
<211>
<212>
<213>
<220>
<223>

<400>

His

Phe

Ala

Leu

210

Thr

Lys

Thr

Asn

Phe

290

Thr

Gly

Asp

Ile

195

Phe

Tyr

Glu

Asn

Lys

275

Asp

Ser

Gly

Glu

180

Ile

Asn

Trp

Ala

Asn

260

Ile

Phe

Ser

PRT

SEQUENCE :

Val Glu Gln Gln

1

Gln

Lys

Gln

Asp

Asn

145

Thr

Lys

Cys

Val

Val

Val

50

Val

Gly

Val

Phe

Ser

130

Ile

Ala

Val

Ala

Ala

Glu

35

Thr

Gly

Gly

Thr

Ser

115

Asn

Gly

Tyr

Ser

Tyr
195

Asn

20

Asn

Lys

Ser

Gly

Gly

100

Ile

Leu

Thr

Pro

Gln

180

Ser

Thr

165

Lys

Ser

Asp

Asn

Val

245

Thr

Val

Gly

Phe

SEQ ID NO 49
LENGTH:
TYPE :
ORGANISM: Artificial
FEATURE:
OTHER INFORMATION:

218

49

Ser

5

Asp

Asn

Glu

Ser

Leu

85

Lys

Lys

Asp

Pro

Lys
165

Gly

Ile

Ile

Gly

Asp

Lys

Tyr

230

Gly

Ser

Ser

Trp

His
310

Gly

Asn

Lys

Asn

Ala

70

Ser

Tyr

Leu

Gly

Tyr

150

Pro

Lys

Thr

Asp

Thr

Thr

Gly

215

Arg

Phe

Thr

Asn

Gly

295

His

Val

Val

Val

200

Val

Ser

Met

Asp

Thr

280

Lys

His

Arg

Ser

185

Asn

Leu

Asn

Pro

Pro

265

Asp

Val

His

Leu

170

Leu

Pro

Leu

Asn

Ser

250

Asp

Ala

Tyr

His

Gly

Leu

Lys

Ser

Asn

235

Thr

Lys

Asn

Lys

His
315

Glu Gly Gly Gly Leu
175

Val Val Thr Gly Lys
190

Gln Phe Ser Ile Lys
205

Asp Ser Asn Leu Asp
220

Asn Ile Gly Thr Pro
240

Thr Ala Tyr Pro Lys
255

Lys Val Ser Gln Gly
270

Cys Ala Tyr Ser Ile
285

Asp Pro Ile Pro Tyr
300

Synthetic Polypeptide

Lys

Lys

Leu

Thr

55

His

Phe

Ala

Leu

Thr

135

Lys

Thr

Asn

Phe

Leu

Leu

Gly

Ser

Gly

Asp

Ile

Phe

120

Tyr

Glu

Asn

Lys

Asp
200

Ser

Glu

25

Ile

Leu

Gly

Glu

Ile

105

Asn

Trp

Ala

Asn

Ile
185

Phe

Val

10

Leu

Lys

Pro

Thr

Lys

90

Ser

Asp

Asn

Val

Thr
170

Val

Gly

Asp

Ser

Ala

Ser

Ile

75

Gly

Asp

Lys

Tyr

Gly

155

Ser

Ser

Trp

Thr Lys Ala Pro Leu
15

Tyr Asp Asp Pro Phe
30

Gly His Gly Leu Ala
Leu Val Gly Thr Leu
60

Asp Val Arg Leu Gly
80

Thr Val Ser Leu Leu
95

Thr Val Asn Pro Lys
110

Gly Val Leu Leu Ser
125

Arg Ser Asn Asn Asnh
140

Phe Met Pro Ser Thr
160

Thr Asp Pro Asp Lys
175

Asn Thr Asp Ala Asn
190

Gly Lys Val Tyr Lys
205



193

US 9,254,320 B2

-continued

194

Asp Pro Ile Pro Tyr Asp Thr Ser Ser Phe
210 215

<210> SEQ ID NO 50

<211> LENGTH: 285

<212> TYPE: PRT

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Polypeptide

<400> SEQUENCE: 50

Met Arg Phe Pro Ser Ile Phe Thr Ala Val
1 5 10

Ala Ser Ala Ala Pro Val Asn Thr Thr Thr
20 25

Ile Pro Ala Glu Ala Val Ile Gly Tyr Leu
35 40

Asp Val Ala Val Leu Pro Phe Ser Asn Ser
50 55

Phe Ile Asn Thr Thr Ile Ala Ser Ile Ala
65 70

Ser Leu Asp Lys Arg Glu Ala Glu Ala Thr
85 90

Gln Asn Gly Gly Gln Pro Pro Thr Thr Lys
100 105

Gly Val Ala Ala Arg Gly Gly Leu His Ile
115 120

Ile Gly Glu Asp Glu Asn Asn Glu Asp Gly
130 135

Asp Lys Thr Phe Gln Pro Glu Pro Gln Val
145 150

Asp Thr Asp Val Phe Tyr Gly Gly Arg Ala
165 170

Gly Gly Gln Ala Lys Phe Leu Asn Gly Glu
180 185

Asp Gln Asp Ile Thr Leu Ala Phe Phe Asp
195 200

Gly Thr Thr Gln Asn Gln Pro Asp Val Val
210 215

Tyr Leu Gly Lys Glu Asp Thr Ser Ser Ala
225 230

Ser Gly Ser Asn Thr Ala Tyr Gln Gly Val
245 250

Gly Asn Gly Ser Trp Lys Val Asp Gly Glu
260 265

Ile Ala Lys Gly Asn Leu Tyr His His His
275 280

<210> SEQ ID NO 51

<211> LENGTH: 188

<212> TYPE: PRT

<213> ORGANISM: Artificial
<220> FEATURE:

Leu

Glu

Asp

Thr

Ala

75

Ser

Asp

Thr

Glu

Gly

155

Leu

Asn

Leu

Met

Ala

235

Lys

Val

His

Phe

Asp

Leu

Asn

60

Lys

Thr

Val

Asp

Glu

140

Glu

Lys

Gly

Lys

Tyr

220

Asn

Tyr

Ala

His

<223> OTHER INFORMATION: Synthetic Polypeptide

<400> SEQUENCE: 51

Ala

Glu

Glu

45

Asn

Glu

Asp

Thr

Lys

125

Glu

Glu

Lys

Gln

Gln

205

Thr

Leu

Glu

Ser

His
285

Ala

Thr

30

Gly

Gly

Glu

Lys

Lys

110

Gly

Ile

Asn

Glu

Pro

190

Asn

Glu

Thr

Asn

Gln
270

Ser

15

Ala

Asp

Leu

Gly

Glu

95

Thr

Leu

Tyr

Trp

Glu

175

Ser

Asp

Asn

Asp

Gly

255

Asn

Ser

Gln

Phe

Leu

Val

80

Arg

Phe

Gln

Ala

Gln

160

Lys

Lys

Thr

Val

Gly

240

Ala

Gln

Thr Asp Lys Glu Arg Gln Asn Gly Gly Gln Pro Pro Thr Thr Lys Asp

1 5 10

15



195

US 9,254,320 B2

-continued

196

Asp

Glu

Glu

65

Lys

Gly

Lys

Tyr

Asn

145

Tyr

Ala

<210>
<211>
<212>
<213>
<220>
<223>

<400>

Met

1

Ala

Ile

Asp

Phe

65

Ser

Met

Tyr

Phe

Asp
145

Ala

Thr

Lys

Glu

50

Glu

Lys

Gln

Gln

Thr

130

Leu

Glu

Ser

Arg

Ser

Pro

Val

50

Ile

Leu

Pro

Leu

Ser

130

Val

Asp

Val

Lys

Gly

35

Ile

Asn

Glu

Pro

Asn

115

Glu

Thr

Asn

Gln

Phe

Ala

Ala

35

Ala

Asn

Asp

Gln

Ser

115

Leu

Thr

Arg

Gly

Thr

20

Leu

Tyr

Trp

Glu

Ser

100

Asp

Asn

Asp

Gly

Asn

180

PRT

SEQUENCE :

Pro

Ala

Glu

Val

Thr

Lys

Trp

100

Pro

Gly

Thr

Glu

Asp
180

Phe

Gln

Ala

Gln

Lys

85

Lys

Thr

Val

Gly

Ala

165

Gln

SEQ ID NO 52
LENGTH:
TYPE :
ORGANISM: Artificial
FEATURE:
OTHER INFORMATION:

1040

52

Ser

5

Pro

Ala

Leu

Thr

Arg

Ala

Gly

Asn

Asp

Asp

165

Asn

Gly

Ile

Asp

Asp

70

Gly

Asp

Gly

Tyr

Ser

150

Gly

Ile

Ile

Val

Val

Pro

Ile

70

Glu

Tyr

Leu

Lys

Arg

150

Thr

Arg

Val

Gly

Lys

55

Thr

Gly

Gln

Thr

Leu

135

Gly

Asn

Ala

Ala

Glu

40

Thr

Asp

Gln

Asp

Thr

120

Gly

Ser

Gly

Lys

Ala

Asp

Phe

Val

Ala

Ile

105

Gln

Lys

Asn

Ser

Gly
185

Arg

Glu

Gln

Phe

Lys

90

Thr

Asn

Glu

Thr

Trp

170

Asn

Gly

Asn

Pro

Tyr

75

Phe

Leu

Gln

Asp

Ala

155

Lys

Leu

Gly Leu His Ile Thr
Asn Glu Asp Gly Glu
45

Glu Pro Gln Val Gly
60

Gly Gly Arg Ala Leu
80

Leu Asn Gly Glu Asn
95

Ala Phe Phe Asp Leu
110

Pro Asp Val Val Met
125

Thr Ser Ser Ala Ala
140

Tyr Gln Gly Val Lys
160

Val Asp Gly Glu Val
175

Tyr

Synthetic Polypeptide

Phe

Asn

Ile

Phe

55

Ala

Ala

Met

Val

Phe

135

Ser

Thr

Val

Thr

Thr

Gly

40

Ser

Ser

Glu

His

Gln

120

Arg

Gln

Tyr

Leu

Ala

Thr

25

Tyr

Asn

Ile

Ala

Ile

105

Phe

Asn

Arg

Ser

Asp
185

Val

10

Thr

Leu

Ser

Ala

Thr

90

Ala

Ala

Pro

Leu

Tyr
170

Met

Leu

Glu

Asp

Thr

Ala

75

Ser

Gly

Arg

Thr

Thr
155

Lys

Ala

Phe Ala Ala Ser Ser
15

Asp Glu Thr Ala Gln
30

Leu Glu Gly Asp Phe
45

Asn Asn Gly Leu Leu
60

Lys Glu Glu Gly Val
80

Ala Thr Pro Ser Met
95

Gln Asp Ala Ser Glu
110

Ala Thr Asp Thr Tyr
125

Val Ala Pro Thr His
140

Leu Arg Phe Val Pro
160

Ala Arg Phe Thr Leu
175

Ser Thr Tyr Phe Asp
190



197

US 9,254,320 B2

-continued

198

Ile

Thr

Trp

225

Asp

Thr

Glu

Gly

Leu

305

Pro

Gly

Lys

Tyr

Lys

385

Ser

Gly

Gln

Glu

Tyr

465

Arg

Phe

Tyr

Ala

Asn
545
Leu

Pro

Pro

Arg

Ala

210

Thr

Val

Asp

Glu

Glu

290

Lys

Thr

Gln

Gln

Thr

370

Pro

Met

Leu

Ala

Leu

450

Phe

Ile

Pro

Glu

Ser

530

Leu

Tyr

Thr

Ser

Gly

195

Tyr

Asp

Thr

Lys

Glu

275

Glu

Lys

Asn

Pro

Asn

355

Glu

Gly

Pro

Met

Ser

435

Ser

Ser

Ile

Leu

Asn

515

Gln

Gln

Leu

Asn

Leu
595

Val

Asn

Lys

Lys

Gly

260

Ile

Asn

Glu

Glu

Ser

340

Asp

Asn

Lys

Asn

Tyr

420

Gln

Tyr

Met

Glu

Asp

500

Gly

Asn

Ala

Pro

Thr

580

Val

Leu

Ser

Glu

Thr

245

Leu

Tyr

Trp

Thr

Lys

325

Lys

Thr

Val

Glu

Arg

405

Tyr

Leu

Gln

Trp

Asn

485

Gly

Ala

Gln

Asn

Asp
565

Asn

Asp

Asp

Leu

Arg

230

Phe

Gln

Ala

Gln

Lys

310

Gly

Asp

Gly

Tyr

Asp

390

Pro

Asn

Asn

Leu

Asn

470

His

Ser

Gly

Ile

Leu
550
Ser

Thr

Ala

Arg

Ala

215

Gln

Gly

Ile

Asp

Asp

295

Met

Gly

Gln

Thr

Leu

375

Thr

Asn

Ser

Ala

Leu

455

Ser

Gly

Gly

Asn

Ala

535

Trp

Tyr

Tyr

Tyr

Gly

200

Pro

Asn

Val

Gly

Lys

280

Thr

Lys

Gln

Asp

Thr

360

Glu

Ser

Tyr

Thr

Val

440

Leu

Ala

Val

Ser

Gly

520

Lys

Lys

Lys

Glu

Val
600

Pro

Lys

Gly

Ala

Glu

265

Thr

Asp

Pro

Ala

Ile

345

Gln

Thr

Ser

Ile

Gly

425

Val

Asp

Val

Glu

Asn

505

Ser

Gly

Ser

Tyr

Tyr

585

Asn

Ser

Gly

Gly

Ala

250

Asp

Phe

Val

Cys

Lys

330

Thr

Asn

Pro

Ala

Gly

410

Asn

Asp

Ser

Asp

Asp

490

Thr

Trp

Asn

Phe

Thr
570

Met

Ile

Phe

Ala

Gln

235

Arg

Glu

Gln

Phe

Tyr

315

Phe

Leu

Gln

Asp

Ala

395

Phe

Met

Leu

Leu

Ser

475

Glu

Ala

Lys

Leu

Leu
555
Pro

Asn

Gly

Lys

Pro

220

Pro

Gly

Asn

Pro

Tyr

300

Gly

Leu

Ala

Pro

Thr

380

Asn

Arg

Gly

Gln

Gly

460

Tyr

Leu

Tyr

Val

Tyr

540

Tyr

Ala

Gly

Ala

Pro

205

Asn

Pro

Gly

Asn

Glu

285

Gly

Ser

Asn

Phe

Asp

365

His

Leu

Asp

Val

Asp

445

Asp

Asp

Pro

Gln

Asp

525

Ala

Ser

Asn

Arg

Arg
605

Tyr

Ser

Thr

Leu

Glu

270

Pro

Gly

Phe

Gly

Phe

350

Val

Val

Thr

Asn

Leu

430

Arg

Arg

Pro

Asn

Gly

510

Gly

Met

Asn

Ile

Val

590

Trp

Ser

Ser

Thr

His

255

Asp

Gln

Arg

Ala

Glu

335

Asp

Val

Val

Gln

Phe

415

Ala

Asn

Thr

Asp

Tyr

495

Val

Glu

Glu

Val

Thr
575

Val

Ser

Gly

Gln

Lys

240

Ile

Gly

Val

Ala

Arg

320

Asn

Leu

Met

Tyr

Gln

400

Val

Gly

Thr

Arg

Val

480

Cys

Lys

Val

Ile

Ala
560
Leu

Ala

Leu



199

US 9,254,320 B2

-continued

200

Asp

Leu

625

Leu

Met

Ser

Ala

705

Asn

Pro

Asn

Glu

Gly

785

Lys

Asp

Gly

Leu

865

Gln

Lys

Tyr

Pro

Lys

945

Phe

Ala

Asp

Arg

Arg

Pro

610

Arg

Ile

Pro

Ile

Val

690

His

Asp

Ile

Trp

Thr

770

Ser

Lys

Arg

Glu

Val

850

Pro

Pro

Ala

Leu

Tyr

930

Phe

Met

Asn

Glu

Val
1010

Thr

Met

Tyr

Gln

Gly

Leu

675

Arg

Asn

Gln

Pro

Ala

755

Pro

Ile

Val

Leu

Gly

835

Gln

Glu

Met

Val

Ala

915

Pro

Leu

Ser

Ser

Pro
995

Asp

Arg

Val

Ser

660

Gln

Phe

Thr

Ser

Ala

740

Ala

Ser

Pro

Ser

Leu

820

Tyr

Met

Gly

Ser

Thr

900

Pro

Leu

Cys

Met

Ala
980

Thr

Asn

Ser

Pro

645

Tyr

Ser

Asp

Ala

Phe

725

Lys

Phe

Leu

Tyr

Ile

805

Thr

Asn

Leu

Tyr

Arg

885

Leu

Thr

Ile

Asp

Gly

965

His

Leu

Val

Met

630

Gln

Thr

Ser

Ser

Ser

710

Asn

Ala

Arg

Gly

Leu

790

Met

Pro

Val

Ser

Lys

870

Gln

Pro

Met

Gly

Arg

950

Ala

Ala

Leu

Asn

615

Leu

Lys

Tyr

Leu

Val

695

Thr

Asp

Thr

Gly

Ser

775

Asp

Phe

Asn

Ala

His

855

Asp

Val

Phe

Arg

Gln

935

Val

Leu

Leu

Tyr

Pro

Leu

Phe

Glu

Gly

680

Asn

Leu

Tyr

Asn

Trp

760

Gly

Gly

Asp

Glu

Gln

840

Tyr

Arg

Val

Gln

Gln

920

Thr

Met

Thr

Asp

Leu
1000

Phe

Gly

Phe

Trp

665

Asn

Leu

Glu

Leu

Val

745

Ser

Phe

Thr

Ser

Phe

825

Cys

Asn

Met

Asp

His

905

Gly

Ala

Trp

Asp

Met
985

Leu Phe Glu Val Phe

Asn

Asn

Ala

650

Asn

Asp

Tyr

Ala

Ser

730

Pro

Phe

Asp

Phe

Ser

810

Glu

Asn

Ile

Tyr

Glu

890

Asn

Gln

Val

Arg

Leu
970

Thr

His

Gly

635

Ile

Phe

Leu

Ala

Met

715

Ala

Ile

Thr

Pro

Tyr

795

Val

Ile

Met

Gly

Ser

875

Ile

Asn

Pro

Pro

Ile

955

Gly

Phe

His

620

Arg

Lys

Arg

Arg

Thr

700

Leu

Ala

Ser

Arg

Tyr

780

Leu

Ser

Lys

Thr

Tyr

860

Phe

Asn

Ser

Tyr

Ser

940

Pro

Gln

Glu

Arg

Tyr

Asn

Lys

Val

685

Phe

Arg

Asn

Ile

Leu

765

Phe

Asn

Trp

Arg

Lys

845

Gln

Phe

Tyr

Gly

Pro

925

Val

Phe

Asn

Val

10

His Gln Pro His Arg Gly Val Ile Glu Ala
1020

101

5

Pro Phe Ser Ala Gly Asn Ala Thr Thr His

Asn

Val

Leu

Asp

670

Asp

Phe

Asn

Met

Pro

750

Lys

Val

His

Pro

Ser

830

Asp

Gly

Arg

Lys

Phe

910

Ala

Thr

Ser

Met

Asp
990

05

Ala

Pro

Leu

655

Val

Gly

Pro

Asp

Leu

735

Ser

Thr

Tyr

Thr

Gly

815

Val

Trp

Phe

Asn

Asp

895

Thr

Asn

Gln

Ser

Leu
975

Pro

Gly

Phe

640

Leu

Asn

Ala

Met

Thr

720

Tyr

Arg

Lys

Ser

Phe

800

Asn

Asp

Phe

Tyr

Phe

880

Tyr

Gly

Phe

Lys

Asn
960

Tyr

Met

Asp Val Val

Val Tyr Leu

His His His
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-continued

202

1025 1030

His His
1040

<210> SEQ ID NO 53

<211> LENGTH: 943

<212> TYPE: PRT

<213> ORGANISM: Artificial
<220> FEATURE:

1035

<223> OTHER INFORMATION: Synthetic Polypeptide

<400> SEQUENCE: 53

Ala Thr Pro Ser Met Met Pro Gln
1 5

Gln Asp Ala Ser Glu Tyr Leu Ser
20

Ala Thr Asp Thr Tyr Phe Ser Leu
35 40

Val Ala Pro Thr His Asp Val Thr
Leu Arg Phe Val Pro Val Asp Arg
65 70

Ala Arg Phe Thr Leu Ala Val Gly
85

Ser Thr Tyr Phe Asp Ile Arg Gly
100

Lys Pro Tyr Ser Gly Thr Ala Tyr
115 120

Pro Asn Ser Ser Gln Trp Thr Asp
130 135

Pro Pro Thr Thr Lys Asp Val Thr
145 150

Gly Gly Leu His Ile Thr Asp Lys
165

Asn Asn Glu Asp Gly Glu Glu Glu
180

Pro Glu Pro Gln Val Gly Glu Glu
195 200

Tyr Gly Gly Arg Ala Leu Lys Lys
210 215

Gly Ser Phe Ala Arg Pro Thr Asn
225 230

Leu Asn Gly Glu Asn Gly Gln Pro
245

Ala Phe Phe Asp Leu Lys Gln Asn
260

Pro Asp Val Val Met Tyr Thr Glu
275 280

Thr His Val Val Tyr Lys Pro Gly
290 295

Asn Leu Thr Gln Gln Ser Met Pro
305 310

Arg Asp Asn Phe Val Gly Leu Met
325

Gly Val Leu Ala Gly Gln Ala Ser

Trp

Pro

25

Gly

Thr

Glu

Asp

Val

105

Asn

Lys

Lys

Gly

Ile

185

Asn

Glu

Glu

Ser

Asp

265

Asn

Lys

Asn

Tyr

Gln

Ala

10

Gly

Asn

Asp

Asp

Asn

90

Leu

Ser

Glu

Thr

Leu

170

Tyr

Trp

Thr

Lys

Lys

250

Thr

Val

Glu

Arg

Tyr

330

Leu

Tyr

Leu

Lys

Arg

Thr

75

Arg

Asp

Leu

Arg

Phe

155

Gln

Ala

Gln

Lys

Gly

235

Asp

Gly

Tyr

Asp

Pro
315

Asn

Asn

Met

Val

Phe

Ser

Thr

Val

Arg

Ala

Gln

140

Gly

Ile

Asp

Asp

Met

220

Gly

Gln

Thr

Leu

Thr
300
Asn

Ser

Ala

His

Gln

Arg

45

Gln

Tyr

Leu

Gly

Pro

125

Asn

Val

Gly

Lys

Thr

205

Lys

Gln

Asp

Thr

Glu

285

Ser

Tyr

Thr

Val

Ile

Phe

30

Asn

Arg

Ser

Asp

Pro

110

Lys

Gly

Ala

Glu

Thr

190

Asp

Pro

Ala

Ile

Gln

270

Thr

Ser

Ile

Gly

Val

Ala

15

Ala

Pro

Leu

Tyr

Met

95

Ser

Gly

Gly

Ala

Asp

175

Phe

Val

Cys

Lys

Thr

255

Asn

Pro

Ala

Gly

Asn
335

Asp

Gly

Arg

Thr

Thr

Lys

80

Ala

Phe

Ala

Gln

Arg

160

Glu

Gln

Phe

Tyr

Phe

240

Leu

Gln

Asp

Ala

Phe
320

Met

Leu
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-continued

204

Gln

Gly

Tyr

385

Leu

Tyr

Tyr

Tyr

465

Ala

Gly

Ala

Arg

545

Lys

Arg

Arg

Thr

Leu

625

Ala

Ser

Arg

Tyr

Leu
705
Ser

Lys

Thr

Asp

Asp

370

Asp

Pro

Gln

Asp

Ala

450

Ser

Asn

Arg

Arg

Arg

530

Tyr

Asn

Lys

Val

Phe

610

Arg

Asn

Ile

Leu

Phe

690

Asn

Trp

Arg

Lys

Arg

355

Arg

Pro

Asn

Gly

Gly

435

Met

Asn

Ile

Val

Trp

515

Asn

Val

Leu

Asp

Asp

595

Phe

Asn

Met

Pro

Lys

675

Val

His

Pro

Ser

Asp
755

340

Asn

Thr

Asp

Tyr

Val

420

Glu

Glu

Val

Thr

Val

500

Ser

Ala

Pro

Leu

Val

580

Gly

Pro

Asp

Leu

Ser

660

Thr

Tyr

Thr

Gly

Val
740

Trp

Thr

Arg

Val

Cys

405

Lys

Val

Ile

Ala

Leu

485

Ala

Leu

Gly

Phe

Leu

565

Asn

Ala

Met

Thr

Tyr

645

Arg

Lys

Ser

Phe

Asn
725

Asp

Phe

Glu

Tyr

Arg

390

Phe

Tyr

Ala

Asn

Leu

470

Pro

Pro

Asp

Leu

His

550

Leu

Met

Ser

Ala

Asn

630

Pro

Asn

Glu

Gly

Lys

710

Asp

Gly

Leu

Leu

Phe

375

Ile

Pro

Glu

Ser

Leu

455

Tyr

Thr

Ser

Pro

Arg

535

Ile

Pro

Ile

Val

His

615

Asp

Ile

Trp

Thr

Ser

695

Lys

Arg

Glu

Val

Ser

360

Ser

Ile

Leu

Asn

Gln

440

Gln

Leu

Asn

Leu

Met

520

Tyr

Gln

Gly

Leu

Arg

600

Asn

Gln

Pro

Ala

Pro

680

Ile

Val

Leu

Gly

Gln
760

345

Tyr

Met

Glu

Asp

Gly

425

Asn

Ala

Pro

Thr

Val

505

Asp

Arg

Val

Ser

Gln

585

Phe

Thr

Ser

Ala

Ala

665

Ser

Pro

Ser

Leu

Tyr
745

Met

Gln

Trp

Asn

Gly

410

Ala

Gln

Asn

Asp

Asn

490

Asp

Asn

Ser

Pro

Tyr

570

Ser

Asp

Ala

Phe

Lys

650

Phe

Leu

Tyr

Ile

Thr
730

Asn

Leu

Leu

Asn

His

395

Ser

Gly

Ile

Leu

Ser

475

Thr

Ala

Val

Met

Gln

555

Thr

Ser

Ser

Ser

Asn

635

Ala

Arg

Gly

Leu

Met
715
Pro

Val

Ser

Leu

Ser

380

Gly

Gly

Asn

Ala

Trp

460

Tyr

Tyr

Tyr

Asn

Leu

540

Lys

Tyr

Leu

Val

Thr

620

Asp

Thr

Gly

Ser

Asp

700

Phe

Asn

Ala

His

Leu

365

Ala

Val

Ser

Gly

Lys

445

Lys

Lys

Glu

Val

Pro

525

Leu

Phe

Glu

Gly

Asn

605

Leu

Tyr

Asn

Trp

Gly

685

Gly

Asp

Glu

Gln

Tyr
765

350

Asp

Val

Glu

Asn

Ser

430

Gly

Ser

Tyr

Tyr

Asn

510

Phe

Gly

Phe

Trp

Asn

590

Leu

Glu

Leu

Val

Ser

670

Phe

Thr

Ser

Phe

Cys
750

Asn

Ser

Asp

Asp

Thr

415

Trp

Asn

Phe

Thr

Met

495

Ile

Asn

Asn

Ala

Asn

575

Asp

Tyr

Ala

Ser

Pro

655

Phe

Asp

Phe

Ser

Glu
735

Asn

Ile

Leu

Ser

Glu

400

Ala

Lys

Leu

Leu

Pro

480

Asn

Gly

His

Gly

Ile

560

Phe

Leu

Ala

Met

Ala

640

Ile

Thr

Pro

Tyr

Val
720
Ile

Met

Gly
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-continued

206

Tyr

Phe

785

Asn

Ser

Tyr

Ser

Pro

865

Gln

Glu

Ala

<210>
<211>
<212>
<213>
<220>
<223>

<400>

Met

1

Ala

Ile

Asp

Phe

65

Ser

Ile

Glu

Phe

Asp
145

Thr

Thr

Gln

770

Phe

Tyr

Gly

Pro

Val

850

Phe

Asn

Val

Phe

Val
930

Arg

Ser

Pro

Val

50

Ile

Leu

Pro

Gln

Tyr
130
Thr

Glu

Gln

Gly

Arg

Lys

Phe

Ala

835

Thr

Ser

Met

Asp

Asp

915

Tyr

Phe

Ala

Ala

35

Ala

Asn

Asp

Cys

Val

115

Gln

Asn

Gly

Val

Phe

Asn

Asp

Thr

820

Asn

Gln

Ser

Leu

Pro

900

Val

Leu

PRT

SEQUENCE :

Pro

Ala

Glu

Val

Thr

Lys

Arg

100

Asn

Asn

Thr

Gly

Asn
180

Tyr

Phe

Tyr

805

Gly

Phe

Lys

Asn

Tyr

885

Met

Val

Arg

SEQ ID NO 54
LENGTH:
TYPE :
ORGANISM: Artificial
FEATURE:
OTHER INFORMATION:

251

54

Ser

5

Pro

Ala

Leu

Thr

Arg

His

Phe

Thr

Pro

Ser
165

Val

Val

Gln

790

Lys

Tyr

Pro

Lys

Phe

870

Ala

Asp

Arg

Thr

Ile

Val

Val

Pro

Ile

70

Glu

Gln

Thr

Thr

Lys
150

His

Thr

Pro

775

Pro

Ala

Leu

Tyr

Phe

855

Met

Asn

Glu

Val

Pro
935

Glu

Met

Val

Ala

Pro

840

Leu

Ser

Ser

Pro

His

920

Phe

Gly

Ser

Thr

Pro

825

Leu

Cys

Met

Ala

Thr

905

Gln

Ser

Tyr

Arg

Leu

810

Thr

Ile

Asp

Gly

His

890

Leu

Pro

Ala

Lys

Gln

795

Pro

Met

Gly

Arg

Ala

875

Ala

Leu

His

Gly

Asp Arg Met Tyr Ser
780

Val Val Asp Glu Ile
800

Phe Gln His Asn Asn
815

Arg Gln Gly Gln Pro
830

Gln Thr Ala Val Pro
845

Val Met Trp Arg Ile
860

Leu Thr Asp Leu Gly
880

Leu Asp Met Thr Phe
895

Tyr Leu Leu Phe Glu
910

Arg Gly Val Ile Glu
925

Asn Ala Thr Thr
940

Synthetic Polypeptide

Phe

Asn

Ile

Phe

55

Ala

Ala

Ile

Cys

Thr

135

Thr

Ile

Arg

Thr

Thr

Gly

40

Ser

Ser

Glu

His

Lys

120

Val

Gly

Glu

Gly

Ala

Thr

25

Tyr

Asn

Ile

Ala

Lys

105

Pro

Ala

Gly

Ala

Gly
185

Val

10

Thr

Leu

Ser

Ala

Thr

90

Thr

His

Pro

Glu

Ala
170

Asn

Leu

Glu

Asp

Thr

Ala

75

Ser

Ile

Lys

Glu

Leu
155

Pro

Ala

Phe Ala Ala Ser Ser
15

Asp Glu Thr Ala Gln
30

Leu Glu Gly Asp Phe
45

Asn Asn Gly Leu Leu
60

Lys Glu Glu Gly Val
80

Arg Thr Tyr Phe Gly
95

Asn Phe Thr Phe Glu
110

Lys Tyr Val Thr Trp
125

Thr Asn Leu Leu Ser
140

Trp Val Pro Ser Leu
160

Lys Pro Glu Val Tyr
175

Thr Leu Asp Gly Pro
190
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-continued

208

Phe

Gly

Thr

225

Met

<210>
<211>
<212>
<213>
<220>
<223>

Asn
Trp
210

Asn

Phe

Asn

195

Met

Ser

Asn

Asn

Phe

Tyr

Leu

PRT

<400> SEQUENCE:

Arg

1

Asn

Lys

Thr

Trp

Lys

Thr

Asp

Lys

Lys
145

Thr

Phe

Tyr

Asn

50

Val

Pro

Leu

Gly

Val

130

Leu

Tyr

Thr

Val

35

Leu

Pro

Glu

Asp

Arg

115

Gln

Glu

Phe

Phe

20

Thr

Leu

Ser

Val

Gly

100

Lys

Ser

Val

Thr Trp

Asn Ile

Asn Gly
230

Thr His
245

SEQ ID NO 55
LENGTH:
TYPE :
ORGANISM: Artificial
FEATURE:
OTHER INFORMATION:

154

55

Gly Ile

Glu Glu

Trp Phe

Ser Asp

Leu Thr

70

Tyr Thr

85

Pro Phe

Asn Gly

Tyr Thr

Lys Met
150

<210> SEQ ID NO 56

<211> LENGTH:

<212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Met Arg Phe Pro

1

Ala

Ile

Asp

Phe

65

Ser

Ser

Pro

Val

50

Ile

Leu

Ala

Ala

35

Ala

Asn

Asp

Ala

20

Glu

Val

Thr

Lys

89

Saccharomyces cerevisiae

56

Ser Ile

Pro Val

Ala Val

Leu Pro

Thr Ile
70

Arg Glu
85

Thr

Ser

215

Leu

His

Arg
200
Ser

Asp

His

Tyr

Gly

Gly

His

His

Lys

Tyr

His
250

Asp

Tyr

Glu

235

His

Asp

Lys
220

Lys

Synthetic Polypeptide

Pro

Gln

Tyr

Thr

55

Glu

Gln

Asn

Trp

Asn

135

Phe

Phe

Asn

Ile

Phe

55

Ala

Ala

Cys

Val

Gln

40

Asn

Gly

Val

Asn

Met

120

Ser

Asn

Thr

Thr

Gly

40

Ser

Ser

Glu

Arg

Asn

25

Asn

Thr

Gly

Asn

Asn

105

Phe

Tyr

Leu

Ala

Thr

25

Tyr

Asn

Ile

Ala

His

Phe

Thr

Pro

Ser

Val

90

Thr

Asn

Asn

Thr

Val
10

Thr

Leu

Ser

Ala

Gln

Thr

Thr

Lys

His

Thr

Trp

Ile

Gly

Leu

Glu

Asp

Thr

Ala
75

Ile

Cys

Thr

Thr

60

Ile

Arg

Thr

Ser

Leu
140

Phe

Asp

Leu

Asn

60

Lys

Gly
205
Val

Leu

His

Lys

Val

45

Gly

Glu

Gly

Arg

Ser

125

Asp

Ala

Glu
Glu
45

Asn

Glu

Arg

Gln

Glu

Lys

Pro

30

Ala

Gly

Ala

Gly

Tyr

110

Gly

Gly

Ala

Thr

30

Gly

Gly

Glu

Lys

Ser

Val

Thr

15

His

Pro

Glu

Ala

Asn

95

His

Lys

Tyr

Ser
15

Ala

Asp

Leu

Gly

Asn

Tyr

Lys
240

Ile

Lys

Glu

Leu

Pro

80

Ala

Asp

Tyr

Glu

Ser

Gln

Phe

Leu

Val
80



US 9,254,320 B2

-continued
<210> SEQ ID NO 57
<211> LENGTH: 89
<212> TYPE: PRT
<213> ORGANISM: Saccharomyces cerevisiae
<400> SEQUENCE: 57
Met Arg Phe Pro Ser Ile Phe Thr Ala Val Leu Phe Ala Ala Ser Ser
1 5 10 15
Ala Leu Ala Ala Pro Val Asn Thr Thr Thr Glu Asp Glu Thr Ala Gln
20 25 30
Ile Pro Ala Glu Ala Val Ile Gly Tyr Leu Asp Leu Glu Gly Asp Phe
35 40 45
Asp Val Ala Val Leu Pro Phe Ser Asn Ser Thr Asn Asn Gly Leu Leu
50 55 60

Phe Ile Asn Thr Thr Ile Ala Ser Ile Ala Ala Lys Glu Glu Gly Val
65 70 75 80
Ser Leu Asp Lys Arg Glu Ala Glu Ala

85
<210> SEQ ID NO 58
<211> LENGTH: 6
<212> TYPE: PRT
<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic Peptide
<400> SEQUENCE: 58
Met Ala Asp Glu Ala Pro
1 5

35

What is claimed is:

1. An immunotherapeutic composition comprising: a) a
yeast vehicle; and b) a fusion protein comprising an adenovi-
rus-36 (Ad-36) antigen, wherein the Ad-36 antigen comprises
the amino acid sequence SEQ ID NO:55.

2. The immunotherapeutic composition of claim 1,
wherein the yeast vehicle is a whole yeast.

3. The immunotherapeutic composition of claim 1,
wherein the yeast vehicle is from Saccharomyces cerevisiae.

4. A fusion protein, wherein the fusion protein comprises
an amino acid sequence that is at least 95% identical to SEQ
1D NO:47, SEQ ID NO:54, or SEQ ID NO:55.

5. An immunotherapeutic composition comprising:

a) a yeast vehicle; and

b) a fusion protein comprising an adenovirus-36 (Ad-36)

antigen, wherein the fusion protein comprises an amino
acid sequence that is at least 95% identical to SEQ ID
NO:54 or SEQ ID NO:47.

6. An immunotherapeutic composition comprising:

a) a yeast vehicle; and

b) a fusion protein comprising an adenovirus-36 (Ad-36)

antigen, wherein the Ad-36 antigen comprises an amino
acid sequence that is at least 95% identical to SEQ ID
NO:55.

7. The immunotherapeutic composition of claim 6,
wherein the Ad-36 antigen comprises the amino acid
sequence SEQ ID NO:55.

8. The immunotherapeutic composition of claim 2,
wherein the Ad-36 antigen is expressed by the whole yeast.

9. The immunotherapeutic composition of claim 2,
wherein the whole yeast is heat-inactivated.

40

45

50

55

60

65

10. The immunotherapeutic composition of claim 1,
wherein the composition is formulated in a pharmaceutically
acceptable excipient suitable for administration to an indi-
vidual.

11. The immunotherapeutic composition of claim 1, fur-
ther comprising at least one biological response modifier.

12. The immunotherapeutic composition of claim 6,
wherein the Ad-36 antigen comprises an amino acid sequence
that is at least 97% identical to SEQ ID NO:55.

13. The immunotherapeutic composition of claim 6,
wherein the Ad-36 antigen comprises an amino acid sequence
that is at least 99% identical to SEQ ID NO:55.

14. The immunotherapeutic composition of claim 5,
wherein the fusion protein comprises the amino acid
sequence SEQ ID NO:47 or SEQ ID NO:54.

15. The fusion protein of claim 4, wherein the fusion pro-
tein comprises an amino acid sequence that is 95% identical
to SEQ ID NO:55.

16. The fusion protein of claim 4, wherein the fusion pro-
tein comprises an amino acid sequence that is 99% identical
to SEQ ID NO:55.

17. The fusion protein of claim 4, wherein the fusion pro-
tein comprises the amino acid sequence SEQ ID NO:55.

18. The fusion protein of claim 4, wherein the fusion pro-
tein comprises the amino acid sequence SEQ ID NO:47 or
SEQ ID NO:54.

19. The immunotherapeutic composition of claim 6,
wherein the yeast vehicle is a whole yeast.

20. The immunotherapeutic composition of claim 6,
wherein the yeast vehicle is from Saccharomyces cerevisiae.

#* #* #* #* #*



